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PUBLISHERS' NOTICE 



in offering the present edition of Perkins' Elementary 
/Arithmetic to the public, the Publishers desire to call atteo* 
im to what they deem the peculiar merits of the work. 

L They regard as a prominent feature of the book, the 
presence throughout of the distinguished mathematical mind 
of the Author. It is not everything labelled " an explanation," 
in an Anihmetic, that brings reasons to view ; nor every opera- 
tion marked an " analysis" that reveals principles or essential 
relations. There is still a " lower deep*' where the ground- 
matter lies ; and this we think Professor Perkins has ploughed 
QD. The examiner may select, at random, proofs of this radical 
excellence. 

We, therefore, believe that the Arithmetic which we sub- 
mit, is peculiarly adapted to discipline the minds of those wlio 
Btody it, in the science of Numbei^, and to advance them to a 
higher level of intellectual capability ; in short, to train them 
fiUy for advanced departments in Mathema^s. 

We are confident that the present work will maintain a 
longer than usual hold on the interest of both teachers and 
papils ', for it is not, hke a cistern, to be exhausted by a few 
drawings, but like nat'ire's reservoirs, ft has the fountain 
within itself. «. 

II. The Publishers would present as anodier excellence of the 
book, its freedom from minute repedtional details wftich cum- 
ber a page, and ob gttnjgt a pupil's progress. It is believed 
tbatnopHnctpZe j^flHnelucidated; and that new light 48 
thrown upon mad^^Htpfbre imperfectly illustrated. It is 
icgarded as no sSiWn^rit of the work, that it does not so 
dilute- l^U/k& ^d crumble reasons as to enfeeble their 
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iy PUBLISHERS' NOTICE. 

power or obscure their clearness. There is such a thing as 
debiUtating a pupil's mind through excess of illustration ; as 
inducing a passive reception rather than an active grasp of 
truths. It is with the intellectual as with the physical system. 
The digestive process would be less complete, if he who eats 
should be deprived of the action and the reUsh of chewing and 
swallowing his own food 5 so a true digestion of knowledge 
I'equires that the pupil should masticate his own intellectual 
aliments. We think Professor Perkins' book is happily adsq^ted 
to secure this result. 

III. The general arrangement of the subjects treated is 
thought to be philosophical. Those are brought into con- 
junction which are related in idea. The subject of Fractions, 
of Decimals, of Interest, of Partial Payments, etc., will, in 
their perspicuousnessi and their thoroughness, commend theiQr 
selves to the examiner. 

The subject of Proportion and Ratio is presented with pe- 
culiar force ; as also, in Equation of Payments, the method of 
finding the Cash BalEuice.. 

IV. The method of Extraction of the Cube Root is greatly 
preferable to the old method. It is far more concise and more 
comprehensive ; saving nearly half the labor, and being ap- 
plicable, with little variation, to the extraction of all roots 
The new method is fully and beautifully explained in this 
work. 

T. The properties of the significant figures, and the use of 
the zero, are, we think, philosophically and concisely pre- 
sented. 

VI. Lastly, we may say, no subject has J)een omitted ob 
account of any inherent difficulty in elucidating it. 

The Publishers take pleasure in the appearance of the 
Book, which certainly invites the interest of the scholar. 
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PREFACE, "^^lo^ 



It is more than four years since this work wai 
published. During the whole of this time it has 
been in constant use under my own superintend- 
ence; and, consequently, I have had opportunity to 
ascertain what were its defects, and wherein a differ- 
ence of arrangement, or other modifications, would 
be desirable. I have, also, consulted experienced 
teachers with direct reference to the present re- 
vision of the work, and now submit the result to 
the public. 

I am confident that great improvements will be 
found in the following particulars, (n th|,4i(^te- 
ments of properties, relations, and principles— in 
the phraseqloey of definitions and of Kules — in the 
methods of illustration — ^in the order of arrange- 
ment of the subjects treated ; indeed, throughout the 
entire work. 

My object has been to be ccMJcise, yet lucid ; to 
reach the radical relations *of numbers ; and to pre- 
sent fundamental principles in analyses and exam- 
ples, that shall leave notnins obscure, yet that shall 
not embarrass by multiplied processes, or enfeeble 
b^ minute details.* I hold to the idea that a sufili- 
ciency of illustration to lay open thoroughly the 
subject treated, is all that is desired ; and that what- 
ever is redundant impairs the force of what is essen- 
tial. Both teachers and pupils will, SkS I judge, be 
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benefitted by thus leaving them somewhat to the 
action of t}u?ir own minds. 

It is not easy for me to specify points to which 
attention may be directed. But I would suggest, the 
definition of the values of Figures — of tne Ziero; 
tlie illustration of Subtraction; the general reat- 
ment of Vulgar Fractions; the introduction (rf 
Decimal Fractions before Federal Money ; and of 
Duodecimals immediately after Denominate Deci- 
mals; the whole arrangement of Percentage and 
Interest ; the method of finding the Cash Balance in 
Equation of Payments. And last, but not least, the 
method of extracting the Cube Root, by means of 
auxiliary columns. To this method I ask the atten- 
tion of teachers generally. I believe I have omitted 
no step necessary to make it perfectly intelligible ; 
and for conciseness and beauty, as well as for prac- 
tical use, it is incomparably superior to the usual 
method. 

Throughout the entire work many new examples 
have been given, which have been formed with 
much care, having the different parts so related as 
to bring out, when solved, exactly the principle de- 
signed. Many of these questions contain statistical 
and historical facts which it is desirable for all to 
know, thus giving an interest to the questions whioi 
they could not possess in an abstract and sim]^ 
numerical form. 

GEO. R. PERKINS, 

UTtcA, March, I84d. 
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ARITHMETIC. 



Article 1. Arithmetic is the science of numbers. 

The operations of arithmetic are performed by the aid 
of five distinct rules, viz.: Numeration, Addition, Subtrae- 
tionjMultiplic€Uionf and Division. These are usually called 
the Fundamental Rules of arithmetic, because all other 
rules are founded upon them. 

What ii Arithmetic 1 How many diitinet rule* has it for its operations 1 RepMt 
thtir names. What ara these miially called 1 Why are they so called f 



NUMERATION. 



8. Numeration explains the method of reat/m^ written 
nxunbere. 

Notation is the writing down of numbers. ' 

Various methods of notation and numeration were used 
by the ancients. We shall content ourselves with men- 
tioning two, the common or Ara^ method, and the Romam 
method. *" 

In the common method ten characters are employed. 

These characters when written are, 

/, s, s, 4, s, d, 7, f,^S^^^, 
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10 ELEMENTARY AKITHMETIC 

When printed, they become, \ 

1, 2, 3, 4, 5, 6, 7, 8, 9, 0. 

They have the following names : 

1 is called One, or a Unit, U 

2 is called Two, or two Units, ^ / 

3 is called Three, or three Units, 

4 is called Four, or four Units, 

5 is called Five, or five Units, (^ J 

6 is called Six, or six Units, 

7 is called Seven, or seven Units, 

8 is called Eight,, or eight Units, 

9 is called Nine, or nine Ujaits, 

is called Naught, Cipher, or Zero. 
Each of these characters, except the zeroj is called • . 
. digit* ; and the first nine, when taken together, ere called 
the nine digits. 
Any digit is called a significant figure. 

What is numeration ? How is the common method lomttimes called 1 In tfaii 
method how many characters are employed t What are the names of then ehu- 
aetert 1 What are called digits ? What is a significant figure 1 

3. The significant figures have unchanging values; 
,that is, they always represent units or ones ; but the units 
which they represent differ in value. 

When a significant figure stands disconnected from 
other figures, the value of its unit is called its simple value. 
When such figure stands in connection with other figures, 
^he value of its unit will depend upon the place which it 
occupies, and is therefore called its local value. 

Thus, in the number 3456, which consists of four sig^ 

• From the Latm. dipittLt. a fin?er : becautte the ancien^^used to do theu 
•ug on their fingers Orjjfinallv H) was also r.alled)i3itiit*fiti|.vjOOQlt 



NUMERATION. 1| 

nificant figures standing in connection with each olher^ 
each figure expresses units ; but units of different values. 
The right-hemd figure, 6, expresses six units, whose value 
1 18 their simple value ; that is, each unit is a single one. 
Th3 second figure, 5, expresses five units ; but each unit is 
ten times greater than each unit of the first figure ; there- 
fore the 5 may be read 5 tens, equal to fifty units of simple 
ralue. The units expressed by the third figure, 4, are ten 
times greater than the imits expressed by the second 
figure, and one hundred times greater than those ex- 
pressed by the first figure ; the third figure is therefore 
read 4 hundreds. The last figure, 3, expresses imits ten 
times greater than the units in 4, and one thousand times 
greater than the units in 6, and is read 3 thousands. 

Hence this property : 

When figures are connected in a line as in the number 
3456, the imits which they express are said to be of dif- 
ferent orders. Thus, 6 occupies the first place, and its 
units are of the first order, that is, they have their simple 
value. The 5 occupies the second place, and its units are 
of the second order, or tens. The -4 occupies the third 
place, and its units are of the third or^r^ or hundreds 
The 3 occupies the fourth place, and its uoits are of the 
fourth order, or thousands. Hence the above number is 
three thousand four hundred and fifty-six. 

To numerate and read the numbers in the following 
table, proceed thus : Begin with the upper line 3. The 
first place only being occupied, you numerate Units. Then 
read, three units, or simply three. In the second line two . 
places are occupied — then numerate Units, Tens — read 

S]^yfour. In the third. line three places are occupied; 
hen numerate Units, Tens, Hundreds — read two hundred 
und sixty-seven, and so proceed. ^ j 
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12 £LEMENTART ARITHMETIC. 

NUiqSRATION TABLE. 

|s-||s||s| 



Place or order. 

Units — three. 

Units, Tens— fifty-four. 

Units, Tens, Hundreds 
— two hundred and 
sixty-seven; and so 
proceed. 



6 

4. In the precedii^ table no occurs. This oharac* 
ter, unlike the digits, Represents the absence of number. | It 
is used to fill places where no value is to be expressedi 
and thus to cause the significant figures to occupy those 
places in which they will express the intended values. 
Thus, 2, standing alone, means 2 units of the first order 
or of simple value ; but 20 means 2 units of the second 
order, and no units of the first order; that is, 20 is the ex- 
pression for 2 tens, or twenty, in the same way, 2O0 
means « 2 units of the third order, no units of the second 
order, and no units of the first order ; that is, 200 is the 
expression for two hundred. 

Hence, a zero placed at the right-hand of a significani 
figure, increases the simple value of its units tenfold. Two 
zero* placed at the right-hancl of a significant figure in- 
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NUHEB.A-i*ION. [^ 

crease the simple ralue of its units ten times tenfold, or s 
hundred-fold. Three zeros a thousand-fold, and so oi/; every 
additional zero increases the preceding value tenfold. 
/ In reading niunbers containing zeros, we read only the 
iig;nificant figures/ Thus the number 20406, consisting 
af 6 units, no tens, 4 himdreds, no thousands, 2 ten thou- 
sands, must be read twenty thousand four hundred and six. 

Does the Talae of figurai change 1 What do they always represent 1 Do their 
oniti differ in value 1 What is the local yalae of a unit 1 When significant figures 
aie eonnecled together, what raloe has the unit of the right-hand figure t What the 
onit of Die second figure, fce. 1 Give an illustration. When a figure occupies the 
first i^aoe, of what order are its units, &c. 1 Rqieat the Numeration Table. | What 
do yon mean by the phu^e of a figure 1 What by the order of its units ? Wnat does 
die xero represent 1 For what purpose is it used 1 What efiect has it on the units of 
the ngnifieant figures with which it is connected 1 What effect have two zeros t 
What e£foet has every additional zero 1 In reading numbers, what use do we make 
ofth«xero7 What figures do we read f 

^ EXAMPLES. 

^ Numerate and read the an- 
nexed numbers : 

Also, write down the following 
numbers under each other, so 
that imits may stand imder 
units, tens under tens, himdreds 
under hundreds, &c. 
, Seventy-three. 

Three hundred and thirty-seven. 

Eight thousand six hundred and one. 

Ninety-seven thousand three hundred and forty-three. 

Three hundred thousand, five himdred and eleven. 

Six millions, one thousand and twenty-five. 

Forty-three millions and seventeen. 

Two hundred and thirty-three millions and ten thousand. 

S* Thus far we have shown how to numerate and 
read numbers which do not contain more than nine places 

Digitized by VjOOQIC 
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2 5 

12 3 7 

2 7 8 3 5 

10 2 7 

6 3 6 9 

5 4 12 8 9 
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4 ELEMENTARY ARITHMETIC. 

of figures. When there are more than nine places of 
figures, it will be convenient to divide them into periods of 
three figures each, as in the following 

TABLE 



s ! i i s - & i 

*^ rf i ^ 1 3 5 i I , I § g -• 



^i si =1 1= '^i -^4 Bi Js 

^1 ^1 a% 5^ ^1 pj g| ei 







6 5 7 8 9 3 4 2 17 5 3 3 16 4 8 5 337489432 

SSSSSSSSS I 

^ I I I I _l I ^ s S 

By this table we discover that each period, or group w 
three figures, takes a new name, by which means the 
numeration of all numbers is made to depend upon that 
of three figures. 

6. The above method of numerating, by giving to each 
period of three figures an independent name, is. iuo to the 
French. There is another method, sometimes i;sed, callod 
the English method. It consists in giving a new name to 
each period of six figures. The French way is tib;^ sim- 
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fCer, and is generally adopted. We will exhibit the two 
BiatJbods at one view in the following 



TABLE. 




Bj the Franeh method of naaMntini;, how many fignret are eonnected in a period 1 
How many do the Bogliah eonnect in a periodi Which method ii to be prefemdt 

* T. After the pupil has carefully examined this table, 
0t him be required to numerate and read, by dividing into 
periods of three figures, the following numbers :^ 

1347835674116 

3478567321752005 

75456278327005717 

633456267489136545 

45654213400100205437 

^ . 46^743486921786412123456489 
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'5 ELEMENTARY ARITHMETIC. 

Let liim also separate them into periods of six figures, 
iiccording to the English method, and then numerate and 
.ead them. 

It will 'be seen, by reference to the foregoing tabjes, 
that the French and English methods of numeration 
agree as far as nine places of figures, which is as fai 
as we generally wish to extend numbers in the ordinciry 
business operations of life. Numbers could be chosen 
which should be widely different, and still would be read 
precisely the same by the two methods. For instance, the 
French method of reading ^103900000000000 is the same 
astheEnglishmethodof readir4 l(feoo69ohoOOOOOOOOOOO, 
each reading being one hundred and three trillions^ nine 
hundred billions. I 

The same is the case with infinite other numbers 
which might be selected. Hence the importance of know-* 
ing which system of numeration is employed. Twenty 
billions in the English system is a tho' .^and times twenty 
billions in the French system. 

ROMAN NOTATION. 

§• The Romans, as well as many other nations, ex- 
pressed numbers by certain letters of the alphabet. The 
Romans made use of only seven capital letters, viz. : I foi 
one / V fox five ; X for ten ; L iox fifty ; C for one hundred, 
D iox fiveffiundred ; M for one thousand. The other nvm 
bers they expressed by various repetitions and combinations 
of these letters, as in the following 

TABLE. 

1 expressed by I. As often as any char' 

2 *' " II. acter is repeated, so many 
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expressed by in. times is its value re 


4 


a 


" IV, or mi. peated. 


6 


u 


'< y. A less character be 


6 


u 


" VL fore a greater, diminishei' 


7 


«( 


" - VIL its value. A less char 


8 


u 


« VIIL acter after a greater, in 





tt 


" IX. creases its value. 


10 


tt 


« X. 


50 


tt 


« L. 


iOO 


tt 


" C. 


500 


tt 


" D. A bar (— ) over acy 


1000 


tt 


« M. number, increases it 1000 


2000 


tt 


" MM. fold. 


6000 


a 


« 7. 



. Bj whit means did the Romani expraM nambera 1 In thii notation, how did i» 
^••tinjf a letter affect the value which it represented 1 How was the value of • 
^■neterailected when one of len value was placed before it 1 How when a eha^ 
tOm of lest value wai ilaoed after it 1 How was the value aflbcted by a bar drawa 
ftviritt 



ADDITION OP SIMPLE NUMBERS. 

9. Simple ADDmoN is puttmg together beverd num* 
oers of the same kind or denomination. 

The sum total which is obtained by adding several 
Qumbers together, is called the amounts 

Before explaining the method of adding numbers, wo 
wil show the use of the two symbols =, +. 

The symbol =, is called the sign of equality, and when 
olaced between two quantities, it indicates that they are 
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equal Thus $1 = 100 cents, implies that one dollfilr Ib 
equal to one hundred cents. 

The symbol +> is called the sign of addition, and when 
placed between two quantities, indicates that those quan- 
tities are to be added. Thus 3 +4=7; denotes that the 
•um of 3 and 4 is equal to 7. 

The symbol + is generally read plus ; a Latin woid| 
meaning more. 

What ii limple addition 1 What is the raroh obtained by addin^^ several nomben 
together, called ? Describe the symbol of equality. Describe that of addition. 

By the assistance of these two symbols we may fomo 
the following , 

ADDITION TABLE. 



2+0= 2 


3+0= 3 


4+0= 4 


5+0= 5 


2+1= 3 


3+1= 4 


4+1= 5 


5+1= 6 


2+2= 4 


3+2= 5 


4+2= 6 


5+2= 7 


2+3= 5 


3+3= 6 


4+3= 7 


5+3= 8 


2+4= 6 


3+4= 7 ■ 


4+4= 8 


5+4= 9 


2+5= 7 


3+5= 8 


4+5= 9 


5+5=10 


2+6= 8 


3+6= 9 


4+6=10 


6+6=11 


2+7= 9 


3+7=10 


4+7=11 


6+7=12 


2+8=10 


3+8=11 


4+8=12 


5+8=13 


2+9=11 


3+9=12 


4+9=13 


5+9=14 


6+0= 6 


7+0= 7 


8+0= 8 


9+0= 9 


6+1= 7 


7+1= 8 


8+1= 9 


9+1 = 10 


6+2= 8 


7+2= 9 


8+2=10 


9+2=11 


6+3= 9 


7+3=10 


8+3=11 


9+3 = 12 


6+4=10 


7+4=11 


8+4=12 


9+4=13 


6+5=11 


7+5=12 


8+5=13 


9+5=14 


6+6=12 


7+6=13 


8+6=14 


9+6= It ', 


6+7=13 


7-1-7=14 


8+7=16 


9+7=16 


6+8=14 


7+8=16 


8+8=16 


9+8 = 17 


^ 6+9=15 


7+9=16 


8+9=17 


9+9=18 1 
>o<?lv J 









ADDITION. 



ill 



Let the puTHi be required to answer the following quet* -^ 

tidos: 

4+3=how many? 

2+5+l=how many? 

5+6+7+2=:how many? 

8+9+2+lr+7=how many? 

6+7+5+4+3+2=how many? 

l+2+4+3+5+7+6=how many? 

EXAMPLE& 

1. Where the sums of the several columns are less than 



Add together 2432, 3343 and 4122 

Set the numbers under each other: 
units under units ; tens under tens ; 
hundreds under hundreds ; thousands 
under thousands. Draw a line below 
the whole. 

Add first, the column of units. Set 
the sum 7 under the column of units ; 
next add the tens ', set the sum 9 
under the column of tens — next add 
the himdreds ; set the sum 8 under 
the column of hundreds. Lastly, add 
the tho^isands, and set the sum 9 
under the column of thousands. The 
whole amount is, then, nine thoussmd 
eight hundred and ninety-seven. 

Add 6264, 2532 and 1203. Ans. 9999. 
Add 4162, 1001 and 1423. Ans. 6556. 

2. Where the sums of the several columns equal oi 
exceed ten; — 
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•73 


l» 


o 


C5 
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^ 


9 


<0 


H 
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H 


2 


4 


3 


3 


3 


4 


4 


1 


2 
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OPERATIOX. 



t3 



1 



§ 

CO 

a 



i 


-§ 

3 


i 


•I 


H 


s 


&H 


D 


3 


7 


5 


8 


4 


9 





3 


7 








6 


3 


7 


1 


3 


3 


7 


2 


1 



What is the sum total of the following numbers : 3758 
4903, 7006, 3713, 3721. 

Place the numbers as directed in 
the preceding example. The sxmi 
of the numbers in the units' column 
13 21 — that is, 2 tens and 1 unit. 
Set the 1 under the units* column, 
and cany the 2 to the next or 
tens' column. The sum of the 
tens* column thus increased is 10 
tens ; that is, 1 hundred and no 
tens. Place a zero under the tens' 
column, and carry the 1 to the hun- 
dreds' column. The sum of the 
hundreds' column, so increased, is 
31 hundreds ; that is, 3 thousands and 1 hundred. Set the 
1 under the hundreds' column, and carry the 3 to the 
thousands' column. The simi of this column, so increased, 
is 23 thousands, ni a tens of thousands and 3 thousands. 
Set the 3 under th'fe thousands' colimm, and cany the 2 
to the tens of thousands' place ; or, what is the same 
thing, set down the whole of the sum of the last column^ 

10 • From what has now been explained, we know 
that ten units are equal to one ten, ten tens are equal to 
one himdred, ten hundreds are equal to one thousand, and 
80 on ; ten of any order are equal to one of the next supe- 
rior order. Hence, for adding numbers of the same de 
nomination, we deduce this 



2 3 10 1 



RULE. 



/. Place th$ numbers to be added under each other^ m 
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hat units may stand under units, tens under tens^ hundreds 
tnder hundreds, and so on for the higher orders. 

IL Commencing at the right, find the sum- of the numbers 
in the column ef units ; if this sum is less than ten^ place it 
immediately under the unit column; hut if \t equals or ex* 
leeds ten, see how many tens it contains, and how many 
imits over ; write down the units under the units' column^ 
9kd carry the tens to the next, or tens' column. In *his way 
proceed with each column, observing to 'carry for every ten 
contained in such column, one to the column of the next 
Mgher denomination. When we reach the last column, its 
'ohoU amount must be set down. 

How do 70a write the nnmben for addition 1 Where do yon c jmmenee to add 1 
if tfi8 ram is expressed by a tingle difit, how do yon dispose of it) When it eqnali 
or exeeedi ten, how do you proceed 1 What is the rule with refard tn rarryinf 1 How 
i* Ton proceed when yon come to the last column 1 





EXAMPLES. 




(1.) 




(2.) 




56430 




7921341 




12798 




82345768 




34457 




79013265 




21325 




7890275 




125Q10 


amount. 


177170649 


amount 



PROOF OP ADDITXON. 

11« The method of proving, or testing the work of 
addition, is generally to commence at the top of the re- 
spective columns and add downwards, carrying one for 
every ten as before ; if the sum is the same as when the 
columns were added upwards, the work is then supposed 
to be correct. This proof is not infallible, since mistakes 
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may occur hi both operations, which shall balance each 
other. 



How it tiM work of addition generally proved 1 Ii this method of proof 

WkTDOtl 



{5-r 


(6.) . 


(7.) 


34567890 


' 43345678 


123423434 


2357911 


21123355 


23785432 


234567 


27893 


9876543 


24897 


54689 


751002 


64 


734321 


10200 


37185329 


65285936 


157^46611 



a Add 123405, 2354210, 794327, and 36547, togetheR 

Ans. 3308489. 

9. Add 275602, 345607, 4567801, and 365, together. 

Ans. 5189375. 

10. Add 100375, 406780, 4673005, 4112, and 2478, 
together. . 

Am. 5186750. 

11. Add 1034001 78954, 379205, 367001, and 46637, 
together. 

Ans. 1904798. 

12. What is the sum of the following numbers : Three 
thousand six hundred and fifty, seven thousand eight hun- 
dred and thirty-two, eleven thousand five himdred and 
•ixty-seven, ten thousand and fifty-six, four hundred and 
seventy-two? j Ans. 33577. 

13. What is the sum of tlfe niunbers, four thousand 
three hundred and seventy-three, three thousand one hun- 
dred and fourteen, one thousand two hundred and twenty- 
three, six hundred and fifty-four ? Ans, 9364 
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14. Find the number of dajs in a year, the day« of 
the respective months being as follows : January,31, Feb- 
ruary, 28, March, 31, April, 30, May,31, June, 30, July, 31 
August, 31, September, 30, October, 31, November, 30 !>•• 
cembcr,3 1. 

Ans. 365 days. 

15. A man drew five loads of bricks; in the first load h 
had 1209, in the second load 1453, in the third load 1101 . 
in tho fourth load 1212, and in the fifth load 1303. How 
'oany bricks were there in all ? 

Ans, 6278 bricks. 

16. If there are shipped from the United States, 15624 
barrels of flour to Sweden, 250 barrels to Holland, 205154 
barrels to England, 6401 to lexas, ld602 to Mexico, what 
is the whole amount? Ans. 247031 barrels. 

17. In 1837 the United States exported 100232 hogs- 
beads of tobacco; in 1838 they exported 100592; m 1839 
they exported 78995; in 1840 they exported 119484; in 
1841 they exported 147828. How many hogsheads of to- 
bacco were exported during these five years? 

Ans. 547131 hogsheads. 

18. If the cotton crop of the United States is estimated 
at 1360532 bales for the year 1839, 2177835 bales for the 
year 1840, 1634945 bales for the year 1841, and 1683574 
bales for the year 1842, how many bales will the four 
years' crops amount to? Ans, 6856886 bales. 

19. In 1839 the Onondaga Springs produced 2864713 
b-jshels oCsalt; in 1840 they produced 2622305 bushels 
in 1841 j^ey produced 3340769 bushels; in 1842 they 
produced 2291903 bushels. What is the whole numbei 
of bushels during the above four years? 

• Ans, 11119695 bushels, 
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20. The United States exjwrted in bullion and specie, 
.a 1838, 3508046 doUars; in 1839, 8776743 dollars; in 
1840, 8417014 dollars ; in 1841, 10034332 dollars. How 
oauch was exported during these four years ? 

Ans. 30736135 dollars. 

21. Amount of tea consumed in the United States, 
during 1842, was 13482645 poimds; during 1843, it was 
12785748 pounds; in 1844, it was 13054327 poimds ; in 
1845, it wa^ 17162550 pounds; and in 1846 it was 
1689 1 020 pounds. What was the whole number of pounds 
during these five years 1 

Ans, 73376290 pounds. 

22. The amoimt of coffee consumed in the United 
States, during the year 1842, was 107383567 poimds ; in 
1843,itwas 85916666 poimds; in 1844, it was 149711820 
pounds; in 1845, it was 94358939 pounds, and in 1846 
it was 124336054 poimds. What was the whole number 
of pounds during these five years 1 

Ans. 56170*7046 pounds. 

23. The number of acres of public land sold by the 
United States government, in the year 1841, was 1 164796 
acres; in the year 1842, it was 1129217 acres; in 1843, 
it was lb05264 acres; in 1844, it was 1754763 acres; 
and in 1845 it was 1843527 acres. What was the whole 
n^imber of acres sold during these five years ? 

Ans. 7497567 acres. 

24. The United States revenue for letter postage, under 
the new law, was as follows : for the year 1842, it was 
3953315 dollars; for 1843, it was 3738307 dollars; for 
1844, it was 3676162 dollars; and for *1 845 it was 
3660231 dollars. What was the whole number of doUars ' 
aurmg these four years ? Ans. 1 60280 1 5 dollars j 
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25. In 1843, the amount of gold coined tt the United 
States mint and branches, was as follows : At Philadel- 
phia, 40G2010 dollars; at the branch at New Orleans, 
3177000 dollars; at the branch at Dahlonega, 582782 
dollars ; at the branch at Charlotte, 287005 dollars. How 
many dollars of gold coined in all ? 

Ans. 8108797 dollars. 

The sum of the numbers in each row of the following 
table, whether taken vertically or horizontally, or from 
comer to comer, is 24156. Let the pupil be required to 
make these 24 distinct additions.* 

TABLE. 



8016 
252 

2448 
684 
2880 
1116 
3312 
1548 
3744 
1080 
4176 


4212 
2052 

288 
2484 

720 
2916 
1152 
3348 
1584 
3780 
1620 


1656 
4248 
2088 

324 
2520 

756 
2952 
1188 
3384 
1224 
3816 


3852 
1692 
4284 
2124 

360 
2656 

792 
2988 

828 
3420 
1260 


1296 
3888 
1728 
4320 
2160 

396 
2592 

432 
3024 

864 
3456 


3492 
1332 
3924 
1764 
4356 
2196 
36 
2^ 

468 
3060 

900 


936 
3628 
1368 
3960 
1800 
3996 
2232 
72 
2664 

504 
3096 


3132 

972 

3564 

1404 

3600 

1836 

4032 

2268 

108 

2700 

i540 


576 
3168 
1008 
3204 
1440 
3636 
1872 
4068 
2304 

144 
2736 


2772 
612 
2808 
1044 
3240 
1476 
3672 
1908 
4104 
2340 
180 


216 
2412 

648 
2844 
1080 
3276 
1612 
3708 
1944 
4140 
2376 



* IMttabk is ftmned by molfciplyiiig the nnmbcis in the mafic square of 11, hr M 

3 
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The quantity and value of teas and coffee conimmed 
aunually, &om 1821 to 1846, in the United States, were 
as follow: 



Ybum. 


Teas Comsum bd. 


Ckirm CoMfUMKD. 


Ptoonda. 


VahM. 


fitumta. 


Vahi*. 


1821 
1822 
1823 
1824 
1825 
1826 
1827 
1828 
1829 
1830 
1831 
1832 
1833 
1834 
1835 
1836 
1837 
18^8 
1839 
1840 
1841 
1842 
1843 
1844 
1845 
1846 


4586223 

6305588 

6474934 

7771619 

7173740 

8482483 

3070885 

6289581 

6602796 

6873091 

4656681 

8627144 

12927043 

13193553 

12331638 

14484784 

14465722 

11978744 

7748028 

16860784 

10772087 

13482645 

12785748 

13054327 

17162550 

16891020 


$1080264 
1160579 
1547695 

. 2224203 
2346794 
3443587 
942439 
1771993 
1531460 
1632211 
1057528 
2081339 
4775081 
5422275 
3594293 
4472342 
5003401 
2559546 
1781824 
4059545 
3075332 
3567745 
3405627 
3152225 
4809611 
3983337 


11886063 
18515271 
^ 16437045 
20797069 
20678062 
25734784 
28354197 
39156733 
33049696 
38362687 
75700767 
36471241 
75057906 
44346505 
91753002 
77647300 
76044071 
82872633 
99872517 
86297761 

109200247 

107383567 
85916666 

149711820 
94358939 

124336054 


$2402311 
3899042 
2835420 
2513950 
1995892 
2710536 
1130607 
3695241 
3052020 
3180479 
5796139 
2516120 
7525610 
4473937 
9381689 
7667877 
7335506 
7138010 
9006685 
7615824 
9855273 
8447851 
5923927 
9054298 
6380532 
7802894 


TOTALl. 











This table will afford material for as manj examples in 
addition as the teacher may desire. Thus, he may requin 
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the pupil to find the t^al number of pounds, as well as 
dollars, for the whole number of years given, or for any 
particular years within the limits of the table ; and as it 
is very desirable for the pupil to be q jick and accurate in 
the addition of numbers, it will be well for the teacher to 
gctend to considerable length the exercises which may be 
diuwn from the above statistics. 



SUBTRACTION OF SIMPLE NUMBERS. 

13. Subtraction is taking a less number from a 
greater. 

The greater number is called the minuend, and the 
smaller number is called the subtrahend; the result is 
called the remainder or difference. 

The symbol for subtraction is —. When this symbol 
is placed between two numbers, it indicates that the sec- 
ond is to be subtracted from the first. Thus, 8—5, denotes 
that 5 is to be taken from 8. The remainder being 3, we 
have 8—5=3. 

The symbol — is generally read minus ; a Latin word 
meaning less, ^ 

What ii Sttbtraetion 1 Jibat it tb» greater nnmber called 1 V\nwt it tha tmalK 
naber called 1 What iMl ratolt caUed^ What tymbol it nted to dauot* fMb 
1% 



By using this dymbol, we may form the following 
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2-2 = 





3-3 = 





4—4= 





5-5= 


3-2 = 


1 


4-3 = 


1 


5-4= 


1 


6-5= 1 


4-2 = 


2 


6-3 = 


2 


6-4= 


2 


7-5= 2 


5-2 = 


3 


6-3 = 


3 


7-4= 


3 


8-5= 3 


6-2 = 


4 


7-3 = 


4 


8-4 = 


4 


9-5= 4 


7-2 = 


5 


8-3= 


5 


9-4= 


5 


10-5= 5 1 


8-2 = 


6 


9-3 = 


6 


10-4= 


6 


11-5= 6 


9-2 = 


7 


10-3 = 


7 


11-4 = 


7 


12-5= 7 


10-2 = 


8 


11—3^ 


8 


12-4= 


8 


13-5= 8 


11-2 = 


9 


12-3= 


9 


13-4= 


9 


14-5= 9 


6-6 = 





7-7= 





8-8= 





9-9= 


7-6= 


1 


8-7= 


1 


9-8 = 


1 


10-9= 1 


8-6= 


2 


9-7 = 


2 


10-8= 


2 


11-9= 2 


9-6 = 


3 


10-7= 


3 


11-8= 


3 


12-9= 3 


10-6= 


4 


11—7= 


4 


12-8= 


4 


13-9= 4 


11-6 = 


5 


12-7= 


5 


13-8= 


5 


14-9= 5 


12-6= 


6 


13-7= 


6 


14-8= 


6 


15-9= 6 


13-6 = 


7 


14-7= 


7 


15-8= 


7 


16-9= 7 


14-6= 


8 


15-7= 


8 


16-8= 


8 


17-9= 8 


15-6= 


9 


16-7= 


9 


17-8= 


9 


18-9= 9 



Let the pupil be required to answer the following 



questions : 

8— 2=howmany ? 
11— 2=how many? 

8— 3=how many? 
10— 3=how many ? 
12— 3=how many ? 

7— 4=how many ? 

9— 4=how many? 
1 1 — 4=how many T 
13— 4=how many? 



13— 5=how many? 
11— 6=how many ? 
13— 6=how many? 
14|— 7j=how many ? 
10^— T^ftiow many ? 
10— 8=how many ? 
12— 8=how many ? 
13— 9=how many ? 
17— 9=how many^ 
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EXAMPLES. 

1. In which no figure of the subtrahend is larger than 
Ihe corresponding figure in the minuend. 

From 796 subtract 375. operation. 

Place the subtrahend directly 
under the minuend, so that 
units may stand tmder units, 



lens under tens, himdreds imder 



9> 



1 S M 

§ § 3 

IB H & 



7 9 6 minuend. 
3 7 5 subtrahend. 



4 2 1 difference. 



hundreds. 

Then commence at the, 
units' column and subtract — 
5 from 6 leaves 1 ; place the one 
under ^e units* column, and so proceed with each suc- 
ceeding cilumn. 

From 687 subtract 486. Arts. 201. 

From 7949 subtract 5438. Ans. 2511. 

From 69975 subtract 59831. Ans. 10144. 

From 879465 subtract 729355. An j. 150110. ' 

From 987654321 subtract 821350011. 

Ans. 166304310. 

2. In which some of the figures of the subtrahend are 
larger than the corresponding figures of the minuend. 

Frdm 867 subtract 496. 

OPERATION. 



• 3 g G 

ffl Eh P 

Thjndred, 16 tens, and 7 units, [7] [16] • 
=8 bundled, 6 tens, and 7 units, $ 7 minuend. 

4 ' 9 6 subtrahend 

3 7 1 difference. 
3* 
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Ans. 281. 

^. 4ia 

Ans. 119L 
Ans, 33171. 



Place the minuend and subtrahend as in the pn»ceding 
example. Begin at the units' column ; 6 from 7 leaves 1. 
Passing to the tens' figure of the subtrahend, which is 9, 
we see that it cannot be subtracted from the coiresponding 
figure of the minuend. But we know (Art. 10,) that 1 
of any order is equal to*10 of the next lower order. We 
therefore take 1 from the hundreds' figure, leaving that 
figure 7, (which we place in brackets over the 8, marking 
out the 8,) arid counting the 1 hundred as 10 tens, we add 
it to the 6 tens, making 16 tens, which sum, we place in 
brackets over the 6 and mark out the 6. We now say 9 
from 16 leaves 7 ; 4 from 7 leaves 3. 

From 959 subtract 678. 

From 767 subtract 349. 

From 8965 subtract 7774. 

From 52475 subtract 19304. 

3. We will now give an example of a more diflScult 
operation. 

From 8053 subtract 4967. 
^ Place the minuend 
and suhtral lend as before. 
Commence at the units' 
colimm. We cannot sub- 
tract the 7 from the 3, as 
the subtrahend figure is 
the larger. We there- 
fore take 1 from the tens' 
figure of the minuend, 
leaving that figure, 4, 
(which we place in 
brackets over the 5, mark- 
ing out the 5,) and counting the 1 ten as ten units, w« 
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§ 


1 






09 


•a 


x6 


2 


1 


ffl 


g 

Eh 


g S ' 


* 


[9] [14] 


\ 


[7] [^0] W [13] , 


$ 





$ 


t minuend. 


4 


9 


6 


7 subtrahend. 


3~ 





8 


6 diflfercnc^. 



SUBTR*ACTION. 3J 

add it to the 3 iinits, making 13 ijinits, which sum we 
place in brackets over the 3 and mark out the 3. We 
can now subtract the 7 from the 13. We next seek to 
subtract the 6 from the 4, which we cannot do. We must 
then seek one from the hundreds' place to be added to the 
4. But there are no hundreds there. We then go to the 
thousands' place. Taking one from the 8, we have 7 left. 
Place the 7 in brackets over the 8 and mark out the 8, 
The 1 thousand we carry to the hundreds' place, where it 
counts 10 hundred ; place the 10 over the zero and mark 
out the 0. Then take 1 hundred from the 10 in the 
brackets, leaving 9, which, place in second brackets above, 
and mark out the 10 ; then add the 1, counting it as 10 tens, 
to the 4, cy^d you have 14 tens, which place within second 
brackets over the 4 and mark out the 4. 

Now we proceed with the subtraction ; G from 14 leatea 
8 ; 9 from 9 leaves ; 4 from 7 leaves 3. 

It will be noticed that the minuend appears in three 
different forms ; yet the sum is the same in all. Thus, in 
the minuend proper, the sum is 8 thousands, hundreds, 
5 tens, 3^ units ; in the minuend in the first brackets, the 
sum is 7 thousands, 10 hundreds, 4 tens, 13 units ; in the 
second brackets, 7 thousands, 9 hundreds, 14 tens, 13 
units : each fonqa being equal to 8053. 

Note. — ^The preceding explanations are intended to show th« 
leasoDs of the process. The pupil shonld perform ^mL^r oper** 
tkms without writing down the steps. 

Prom 8275 subtract 7189. Ans. 108a 

From 6044 subtract 5272. Ans. 772. 

Rom 90000 subtract 1 Ans. 89999 
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( 


DFERATION. 


xa 

'a 


TO 




§ 


'2 










o 


1 




^ 


p 


§ fl 


H 


ai 


Eh & 


8 





6 3 minuend. 


4 


9 


6 7 subtrahend 


F 





8 6 difference. 



There is another mode, shorter and more practical, foi 
performing subtraction, when figures in the subtrahend aiB 
larger than corresponding figures in the minuend. 

Take the same example. 

Wo cannot subtract 7 
from 3. Therefore we add 
10 to the 3 and say, 7 from 
13 leaves 6. Having thus 
increased the minuend figure 
3, by 10 units, we balance 
that excess by adding 1 ten 
to the 6 of the subtrahend, 
making 7 tens. But the 7 
tens cannot be subtracted from the 5 tens. Ad^jJ, then, 10 
tens to the 5, making 15 tens, and then say 7 from 15 
leaves 8 ; having added 10 tens to the 5 of the minuend, 
we restore the balance by adding 1 hundred to the 9 of 
the subtrahend, making 10. But we cannot subtract 10 
from 0. Then wo add 10 hundred to the 0, and say 10 
from 10 leaves 0. Before subtracting the thousands, we 
must add 1 to the 4 thousands to compensate for the IQ 
hundred added to 0, then say 5 from 8 leaves 3. 

From 9034 subtract 7941. Ans, 109Z. 

From 8087 subtract 4759. , Ans. 3328. 

From 87315 subtract 19848. Ans, 67467. 

From 64281 subtract 387901 ^ Ans, 25485. 

From what has been ione, we deduce this 



RULE. 



/. Place the subtrahend under the minuend^ so that 
may stand directly under units, tens under tens, <^c. 
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7/1 Then commencing at the right ^ subtract each Ji>gur$ 
of the subtrahend from the corresponding figure of the min* 
uend-; observing^ when a figure of the subtrahend is 
greater than the corre^onding figure of the minuend, tB 
increase the minuend figure by \0 before subtractings and 
then to carry 1 to the next figure of the subtrahend. 

How do yoa place the nnmben for subtraction t Where do yoa comroenoe la 
eabtraet 1 Explain tke method of subtracting when the fifura in the subtrahend es- 
I the corresponding figure of the minuend. 



pXAMPLES. 

4. From 34678 subtract 13787. 

OPERATION. 

34678 
13787 



20891 difference. 



(5.) 

789347 
120305 

669042 difference. 



(6.) 
10345678937 
902134124 



9443544813 difference. 



PROOF OP SUBTRACTION. 



IS* If the operation is rightly performed, the differonct 
added to the subtrahend must equal the minuend. 



Differences. 
Proofs. 


(7.) 
78543 
23056 


(8.) 
612045 
137891 


(9.) 
9345678201 
3279609167 


55487 
78543 


474154 


6066069034 


612045 


9345678201 
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10. From seven million three hundred and sixty-five 
thousand, two hundred |ind thirty-nine, take three hundred 
and forty-two thousand and thirteen. 

An^. 7023226. 

11. From one million and eleven, subtract thirteen. 

Ans. 999998. 

12. From three hundred and sixty-five thousand, take 
three hundred and sixty-five 

Ans, 364635. 

13. America was discovered in 1492. How many years 
from that time to the year 1844 1 

AnJf 352 years. 

14. If a man*receive 11345 dollars, and payout of it 
9203 dollars, how much will he have remaining 1 

An*. 2142 dollars. 

15. In 1 842 the Onondaga Salt Springs yielded 229 1903 
bushels of salt, and in 1826 they yielded 827505 bushels. 
How many more bushels were produced in 1842 than 
in 1826? 

Ans. 1464398 bushels. 

16. In 1842 the United States shipped to England 
205154 barrels of flour, to Scotland 3830. barrels. How 
many more barrels were sent to England than to Scotland? 

Ans, 201324 barrels. 

17. Two men start together from the same place, and 
tfavel in the same direction ; one goes 63 miles each day, 
and the other goes 37 miles. How far apart will thjgy be 
at the end of the first day 1 

Ans, 26 miles. 

18. George Washington was bom in the year 1732 ; he 
died in the ySit 1799. To what age did he live? 

Ans. 67 years. 
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I 

19. At an election 12572 votes are taken, of which the 
wccessful candidate received 7391. How many votes did 
the other candidate receive 7 

Ans. 5181 votes. 

20. And what was the first one's majority? 

Ans. 2210 votes. 

21. The coinage of the United States mint for 1843 
was in value 1 1^67830 dollars, and in 1846 it was 6633965 
dollars. How much greater in value was the coinage in 
1843 than in 1846? 

Ans. 5333865 dollars. 

22. The total number of pieces coined in 1843 was 
114540582, and in 1844 it was 9051834. How many 
more pieces were coined in 1843 than in 1844? 

Ans. 105588748 pieces. 

23. In* the year 1846, the value of the gold coin pro- 
duced at the mint was 4034177 dollars; the value of the 
silver cmn was 2558580 dollars ; and the copper coin was 
41208 dollars. How much greater was the value of the 
gold than the silver, and how much greater the copper? 
Also, how much did the silver exceed the copper? 

r Gold exceeded silver by 1475597 dollars." 
Ans. J « « copper" 3992969 « 

LSilver « « " ^517372 « 

24. In 1835, the number of post offices in the United 

States was 10770 ; extent of post roads 1 12774 miles ; in 

1845; the number of offices was 14183; and extent of 

loads 148940 miles. How many offices were added during 

tbese 10 years, and how many additional miles of road 

veie added? 

^ 3413 post offices. 
Ans. ' 



\ 
' l 31 166 miles of road. 
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25. In 1840 the population of New York waa 2428921, 
and in 1830 it was 1913006. What was the increase 
during this 10 years? Ans. 515915. 



QUESnONS mVOLVINO ADDITION AND SUBTRACTZON, 

1. A lets B have 60 bushels of wheat, worth 70 doUan, 
a fine horse worth 150 dollars, and 37 dollars' worth of 
butter. B in turn gives A his note for 110 dollars, and 
the rest in cash. What is the amount of cash ? 

% Ans. 147 dollars. 

2. A borrows of B, at one time, 375 dollars ; at a second 
time he borrows 95 dollars, and at a third time heborrpws 
413 dollars; he has paid him 319 dollars. How much 
does he still owe him 1 Ans. 564 dollars. 

3. A person left a fortune of 10573 dollars to be divided 
between two sons and one daughter ; the first son received 
4309 dollars, the other son had 4987 dollars. How much 
did the daughter receive ? 

Ans. 1277 dollars. 

4. Two persons are 375 miles apart ; they travel towards 
each other ; at 1^-^cnd of one day, one has travelled 93 
miles, and the other 57 miles. How far apart are they? 

Ans. 225 miles, 

5. A farmer sold a span of horses for 150 dollars, a co| 
for 2^ dollars, some cheese for 83 dollars, and 7 tons 
hay for 56 dollars. He purchttsed 10 yards of 
cloth worth 45 dollars, a cook stove for 23 dollars, and 
pleasure carriage for 80 dollars. How much money wi 
he have left? Ans. 168 dollani. 

6. In the year 1840, the coinage of the United Stai 
mint Wis as Mows: 1675302 dollars of gold, 17267 



Digitized by VjOOQIC 



MULTIPLIOATION. 37 

ddlars Gf silver, and 24627 dollars of copper. In the yeai 
1841 the gold coin amounted to 1091597, the silver to 
1132750, and the copper to 15973. How much was the 
ti^hole value for each year? How much greater was the 
whole coinage in 1840 than in 1841? In each year, how 
in*^h greater was the value of the silver than that of the 
gold and copper respectively ? 

fin 1840 total -value was $3426632. 
1841 « " « 2240320. 

1840 exceeded 1841 by M 863 12 

C silver exceeded gold by 5 1 40 1 . 
^^ ( « " copper> 1702076. 
. g^ J ( silver exceeded gold by 41153. 
i " " copper" 1116777. 



Ans, •< 



MULTIPIICATION OF SIMPLE NUMBERS. 

14* MuLTiPLiOATioN tcachcs to repeat one of two num- 
bens as many times as there are units in the other. 
The niunber to be repeated is called the multiplicand. 
The number denoting how many times the multiplicand 
^ 18 to be repeated, is called the multiplier. 

Both multiplicand and multiplier are called yjic^or^.* 
The result obtained is called the product. 
The sjrmbol for multiphcation is x ; this written be- 
' tween twj numbers, indicates that they are to be mul- 
tiplied together. Thus, 3x7 denotes that 3 is to be 
I repeated 7 times, or, which is the same thing, 7 is to be 
repeated 3 times 

«r From a Latin word, meaning to maks; beeawe. moltiiaied together thn«db 
tiM product 4 
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By the assistance of this symbol, we may form thQ 
following 

MULTIPLICATION TABLE.* 



2X0= 


4X0= 


6x0= 


8x0= 


2X1= 2 


4X1= 4 


6x1= 6 


8X1= 8 


2X2= 4 


4X2= 8 


6x2=12 


8X2 = 16 


2X3= 6 


4X3=12 


6X'§ = 18 


8X3=24 


2x4= 8 


4x4=16 


6x4=24 


8X4 = 32 


2X5=10 


4x5=20 


6x5=30 


8X5 = 40 


2X6=12 


4X6=24 


6x6=36 


8X6=48 


2X7=14 


4X^=28 


6X7=42 


8x7=56 


2X8=16 


4x8=32 


6x8=48 


8x8=64 


2x9=18 


4x9=i:36 


6X9=54 


8x9=72 

• 


3x0= 


5X0= 


7x0= 


9X0= O 


3X1= 3 


5x1= 5 


7x1= 7 


9x1= 9 


3X2= 6 


5X2=10 


7X2 = 14 


9x2 = 18 


3x3= 9 


5x3=15 


7X3=21 


9x3=27 


3x4=12 


5X4=20 


7x4=28 


9X4=36 


3X5=15 


5X5=25 


7X5=35 


9x5 = 45 


3X6=18 


5x6=30 


7x6=42 


9x6=54 


3x7=21 


5x7=35 


7x7=49 


9x7=±r6a 


3x8=24 


5x8=40 


7x8=56 


9x8=72 


3x9=27 


5x9j=45 


7x9=63 


9x9 = 31 



The foregoing table should be committed to memory by 
the pupil. 



* Tbia tabto \jm4» no factor consisting of more than one digi|. I am a'w^t^ ^^ 
many tai>les of tl^ kind are extended as ikr as 12 times 13, and others as fkr ««■ Bi 
times SS, and even further ; but I see no good reason why it should terminate «|t 9 
times 152, any more than 13 times 13. I have thereforQ,thought R better tck limit ift'to 
9 times 9, this being as fkr as it can extend by using but one digit as a fivislor. 0llB 1 
hare no objection to pupils committing to memory the products of as lu^ ^MAon 
as they may w«d|. 
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89 



IS* The pupil must also bear in mind that the mul* 
iiplier and multiplicand may be interchanged withottt altering 
theprcduct. Thus: 



4x8=8x4=32 
9x7=7x9=63 



4x6=6x4=24 
3x5=5x3 = 15. 



What dbes multiplication teech'^ The nmnber to be repeated is oalled ndiatl 
nw nomber denoting how many timet the multiplicand is to be repeated is called 
wbat? What are the multiplicand and multiplier sometimes called 1 The resoll 
obtaioed is called whati What is the symt>ol for multiplicc&kal Can tJie molti* 
^ei tad multiplicand exchange places without altering the j^oductl 

When the miiltiplioandx^ons^ts of more than one figuie, 
And the multiplier has but one figure, we proceed as fol- 
lows : 

Multiply 697 by 3. 

Place the multiplier un- 
der the multiplicand, units 
under units. First, mul- 
tiply the 7 units by the 
3 units ; we obtain 21 units, 
or 2 tens audi unit. Write 
the 1 under the unit col- 
^unn, and the 2 imder the 
tens' column. Next, mul- 
tiply the 9 tens by the 3, 
and we have 27 tens; 
equal to 2 hundred and 7 
tans. Write the 7 tens under the tens' column, and the 
2 under the hundreds' column. Finally, multiply the 6 
hundreds by the 3 and we have 18 hundreds, which is the 
same as 1 thousand and 8 hundreds. Write down the 8 
^der the hundreds' column and carry the.l to the thou- 
sands' place; that is,'wtite down the whole i8 
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wx-x 


■XWAJlXUiJV. 


tJ 1^ 




usan 
died 

B. 


«Q 


o Q a 


•"r5 


jd ^ S 


a 


H M H 


t> 


6 9 


7 multiplicand. 




3 multiplier. - 


2 


1 units. 


,'2 7 


tens. 


1 8 


hundreds. 


2 0-9 


1 product. 
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We then add these partial products, and obtain 209] j 
for the total product. 

By recalling to mind (Art. lO,) that ten in the place 
of units are equal to one in the place of tens, ten in the 
tens' place are equal to one in the himdreds' place, Ac. 
we may perform the above multiplication as follows : 

OPERATION. 



697 multiplicand, 
3. multiplier. 

2091 product. 



First, multiplying 7 of the mul- 
tiplicand by 3 the multiplier, we 
obtain 21 units, which are the 
same as 2 tens and 1 unit. Hence 
we write down the 1 under the 
imits' column, and reserve the 2 to 
carry to the tens'. Neptt, multiplying the 9 by 3, we find 
27 tens, to which, adding the 2 tens reserved, we have 29 | 
tens, which are equal to % hundreds and 9 tens. Write 
down the 9 under the tens' column, and reserve the 2 to 
carry to the hundreds. Finally, multiplying the 6 by 3, we j 
have 1 8 himdreds ; to which add the 2 himdreds reserved, 
and we have 20 hundreds, the whole of which we write 
down, obtaining 2093 for the product. 

Again, let it be required to multiply 367 by 84 Hev^ 
the multiplier consists of more than one figure. 

Place the multiplier under the 
multiplicand, imits under units, 
and tens under tens. 

Multiplying first by the 4 
units, we find 146& for the 
product. We are next to mul- 
tiply by the 8 tens. Now, it is 
obvious that 1 imit, taken ten 
times, that is, multiphed by 1 



OPERATION. 

367 multiplicand 
84 multiplier. 

1468 
2936 

30828 product 
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Vm, most produce 10 units or 1 ten. So 7 units, (as in the 
example,) multipli^ by 8 tens, must produce 56 tens, or 
5 hundreds and 6 tens. Therefore, set the first figure, 6 
of this second product under the tens' column and reserve 
the 5 to carry to the hundreds. The next step is the mul- 
tiplication of tens by tens, which must produce himdreds, 
since lien, taken 1 ten times, is equal to 1 himdred. There- 
((xe 8 tens times 6 tens are 48 himdreds ; to which add the 
5 hundreds reserved, and we obteiin 53 hundreds ; equal to 5 
thousands and 3 hundreds. Place the 3 imder the hun- 
dreds' colimm, and carry the 5 to the next column, and so 
proceed throughout The sum of these partial products 
will give the total product, 30828. 

If the multiplier consists of three figures, its left-hand 
or hundreds figure, multiplied into the units of the multi* 
pHcand, vrill give hundreds for the first figure of the 
product, which must of course be set down under the 
hundreds' column ; hundreds and tens, multiplied together, 
will give thousands; hundreds and hundreds multiplied 
together will give ten thousands, &c. 

If the multiplier consists of four figures, its left-hand or 
thousands' figure multiplied into units, will give thousands 
for the first figure of the product, which must be set dow n 
under the thousands' column. Thousands multiplied into 
tens, gives tens of .thousands ; into hundreds, gives hun- 
dreds of thousands ; and so on. 

It would be necessary to annex ciphers to the figures 
in these several products, to show their true places, if these 
places were not determined by tl>e position of the figures 
with relation to other figures, whose places are known. 

IG If we again take the first example, which is to 
4* 
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multiply 697 by 3, we remark .that since 697 is to be r^ 
peated 3 times, it may be done by writing it down 3 timea^ 
and then adding, thus : 

697 
697 
697 

2091 

And it is obvious that all questions of multiplication may 
be performed by addition. 

Hence, multiplication is sometimes defined as being a con- 
cise way of performing several additions. 

NoTB. — When a zero or occurs in the multiplier, we may obierye that its pn 
duet rnoit remain* 0, tince nothing repeated any number of timei ii itill nothing. 



I*R00P OP MULTIPLICATION. 

17. If we interchange the multiplier and multiplicand, 
and then multiply, we shall obtain the same product if the 
work is right. (See Art. 15.) 

As in addition, these two results may be alike, arid still 
the work may be wrong, since mistakes may occur in boll 
operations. As good proof as any, is to carefully repeu 
the multiplication. S, 

When it mtdttirtfod by any number, what ii the reeultl How it multipIiogtlM 
Mmecimet defined. How ma^ multiplication be proved 1 Is this method inJ^blel • 
Why not> What is m food proof at any other 1 ^ 



CASE L * 

|3« When the multiplier consists of only ene figure. 
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From what has already been done, we deduce this 



RULE. 

Place the multiplier under the umt figure of the muiH^ 
fiieand. Draw a horizontal line underneath, . 

Then multiply each figure of the rnultiplicand hy the mulr 
tipUeTf ^bsefving to carry one for every ten, as in addition. 

Wben the moltiplier coMisti of bat one flffoie, how do yon prooeedt What rail 
i» yo« obMrvo in eanying 1 

EXAMPLES. 



r 



(1) 

1234 
2 


(2.) 
234156 
3 


(3.) 
612378 
4 


2468 


702468 


2449512 


(4) 
897654 
5 


(5) 
1003456 
6 


(6.) 
• 205670678 
7 


448927Q 


6020736 

— /, 

,8( 
CASE n. 


1439694746 


(7.) 
6531023456 
8 


(8.) 
891030756078 
9 


9«248187^48 


J19276804702 


/ 





19* TVhen4hd multiplier consists of more Ulan 
figure / 



N,. 
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RULE 

/. Place the muUiplier under the multiplicand^ so thd 
units may stand under units^ tens under tensy hundreds 
under hundreds, 6fc, 

II. Multiply successively hy each figure of the muUiplier^ 
as in Case /,, observing to place the right-hand figure of each 
partial product directly under the figure multiplied by, 

III. Then add together these partial products, and the 
sum will be the total product sought. 

Wbeo the multiplier eonikits of more than on* figme, how do yon writ* hi BM 
Ao yon thes multiply 1 How do you add up f 



EXAMPLES. 



(1) 


(2.) 


(3.) 


23474 


4567031 


4005604 


23 


147 


123 



70422 
46948 

639902 



31969217 
18268124 
4567031 



12016812 
8011208 
4006604 



671353557 492689292 



4. Multiply 12345 by 12. 
6. Multiply 23456 by U . 

6. Multiply 34567 by t?; : ^ 

7. Multiply 780056 by 21. 

8. Multiply 6503456 by 234. 

9. Multiply 347 1032 by 70066. Aiw. 243166617792. 
10. Multiply 1240578 by 302014. 

Ans. 374671924092 
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Ans. 14814a 

Ans. 258016. 

Ans. 449371. 

Ans. 16381176. 

Ans. 1521808704. 
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ifT Multiply 235678 by 753465. 

Ans, 177575124270. 
(2. Multiplj 9^1610^75 by 35789. 

• Ans. 2^29,16atl3;975, 

CASE in. 

30. When the multiplier, or multiplicand, "or both,' 
bave one or more ciphers at the right. 

We know from what has been said, (Art. 41,) that 
multiplying by 10 is the same as annexing a cipher to the 
right of the figure or sum to be multiplied ; multiplying by 
100 is the. same as annexing two ciphers to the right of 
the figure or sum to be multiplied, &c. 

Hence we deduce this 

RULE. 

Multiply hy the significant figures^(as in Case 11.) and to 
the product annex as many ciphers as there are in both mal^ 
teller ctnd multiplicand. 

When tbeje are cipben at the ri|^ of the muHiplieri or raultii^eacdt ia botk, Imw 
iD7oai»«>e«ed7 

EXAMPLES. 

1. Multiply 365 by 10. Ans. 3650. 

2. Multiply 12040 by 100. Ans. 1204000. 
3 Muhiply 204500 by 3000. Ans. 61350000a 
4/1dultiply /003000 by 240000. 

^ Ans. 1680720000000. 
5/ Multiply 307,210p00 by 3780000. 

Ans. 1161253800p00p00. 
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46 ELEMENTARY ARITHMETIC. 

CASE IV. 

31. When the multiplier is a composite nmnber. 

A composite number is one which may be produced bj 
multiplying two or more numbers together. Thiis : 35 is 
a composite nimiber, which may be produced by multiply- 
ing 5 and 7 together. 

The 5 and 7 are called the factors or component parts 
ol 35. 

The factors of 12, are 3 and 4, or 2 and 6. 

Suppose we wish to multiply 48 by 35. 

If we first multiply 48 by 5, we find 240 for the pro- 
duct ; if now we multiply this product by 7, we obtam 
1680, which is evidently the same as 35 times 48. 

Hence we infer this 

RULE. 

Multiply the sum given hy one of the factors^ tind this 
product hy another factory and so on, until all the factors am 
used. The last product mil he th^Tone sought 

1. Multiply 365 by 28. 

The factors pf 28 are 4 and 7. Hence we have thi« 

OFERATIOir, 

365 

4 one of the component paiui 

7 the other component part 

10220 Ans. Cnnalp 
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2. Multiply 374 by 24 = 4 X 6 = 3 X 8 := 2 X 12 » 
8x3x4. 



flKST OPERATION. SECOND OPERATION. 

374 374 

4 1st component part 3 1st component part 

7^ ri22 

6 2d component part. 8 2d component part 
Am. 8976 Ans. 8976 



1 THIRD OPERATION. FOURXa OPERATION, 

374 374 

2 1st component part. 2 ^st component part. 

I 748 748 

! 12 2d component part. 3 2d component part 

1496 2244 

748 4 3d component part. 

! Ans. 8976 Ans, 8976 



^ From the above examples, we see that it makes no dif- 
I feronce how we resolve the multiplier into factors, provided 
we multiply in succession by all the factors. 

Wbat JM a composite number 1 What are the component parts 1 Ho\»do yoa 
ptoeamA wben the multiplier it a composite namberl Does it make any difibvBM 
i component part we first multiply by? 



3. Multiply 345678 by 36 = 6 x 6 = 4 x 9 == 3 x 12= 
; i X 3 X 4. Ans. 12444408. 
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4. Multiply 1002456 by 72 = 8x9 = 2x3x8x4 
= 2x2x2x3x3. Ans, 72176832. 

6. Multiply 7540102 by 84 = 7 X 12 = 3 x 4 x 7 = 2 
X 2 X 3 X 7. Ans, 633368568. 



EXERCISES IN MULTIPLICATION. 

1. Suppose I buy 15 loads of bricks, each load ^contain 
ing 1250 bricks, how many bricks have I ? 

Ans, 18750 bricks. 

21 In an otchard there are 107 apple-trees, each piodu 
cing Id bushels of apples. How many bushels does the 
whole orchard jdeld? Ans. 2033 bushels. 

3. If a person travel 17 days at the rate of 37 miks 
each day, hqw many miles will he travel in all? j 

Ans. 629 miles. 

4. If a person buy 175 barrels of salt, #ach weighmg 
804 poimds, how many poimds in all will fife'have ? 

' Ans. 53200 pounds. 

5. Suppose I purchase the following bill of merchandise; 

3 Firkins of butter, each 15 dollars. 
7 Hogsheads of molasses, each 23 dollars. 
12 Bags of coffee, each 11 dollars. 
5 Boxes of raisins, each 2 dollars. 
3 Boxes of lemons, each 5 dollars. ' 
Ifow IP any dollars must I give for the whole? 
, • Ans. 363 dallaiB; 

6. How many dollais will the following bill of goodi 
amount to ? 

52 Yards of black broadcloth, at 4 dollars per yard. 
40 Yards of Brussels carpeting, at 2 dollars per yard. 
2 Sofas, each 56 dollars. 
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9 Mahogany chairs, each 5 dollars. 
5 French bedsteads, each 7 dollars. 

Ans. 480 dollars. 

7. If the railroad extending between Albany and Buf- 
fidOj a distance of 326 miles, cost 25649 dollars per mile, 
wha^ was the entire cost? Ans. 8361574 dollars. 

8. How many bushels of potatoes may be produced 
fiom 13 acres of land, if each acre produces 212 bushels! 

Ans. 2756 bushels. 

9. How much must be paid for constructing 18 miles of 
ldaiik-road,at4211 dollars per mile? Ans. 75798 dollars. 

10. How much will 543 cords of wood cost, at & dollars 
tper cord? Ans. 2715 dollars. 

11. & one year there are 8766 hours, how many hours 
in 1848 years? A^s. 16199568 hours. 

12. In one cubic foot there are 1728 cubic inches, how 
I many cubic inches in 17 cords of wood, each cord con- 
! taining 128 cubic feet? Ans. 3760128 cubic inches. 

13. What will 13 square miles of land cost, at 17 dol- 
lars per acre, there being 640 acf^ in one mile ? 

Ans. 141440 dollars. 

14. How many miles will a steam locomotive pass in 
! 7 days of 24 hours each, if it move at the rate of 45 miles 
,-«ach hour ? Ans. 7560 miles. 

■ 15. If the earth move in its orbit 68000 mile^ per hour, 
bow far will it move in 365 dayis of 2* hours each ? 

Ans. 595680000 nriles. 
16. If one mile of railroad require 116 tons of iroh, worth 
I S3 dollars per ton, what wi'I be the cost of sufficient non 
to construct a road of 78 miles in length ? 

Ans. 479544 dollans. 
) 17. In an orchard of 105 apple trees the average pro 
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duce of each tree is 7 barrels of fruit, worth 3 dollars pd 
barrel. What was the income cff the orchard ? 

. Ans. 2205 dollsuRB. . 



DIVISION OF SIMPLE NUMBERS. 

33. Division teaches the method of finding how man; 
times one number is contained in another. 

The. number to be divided is called the diifidend. 

The number by which we divide is called the divisor. 

The number of times which the dividend contains the 
divisor is called the quotient. 

Besides these three parts there is sometimes a retmn-\ 
defy which is of the same name as the dividend, since it is 
a part of it. • I 

The sign usually employed to indicate division is -f. 
Thus, 12-1-3, denotes that 12 is to be divided by 3. 

By using this sign we may form the following 



DIVISION TABLE. 



2-r-2z:r-l 


3-f-3=l 


44-4=1 


54-6=1 


44-2=2 


64-3=2 


84-4=2 


104-5=2 


6.^2=3 


9-^-3=3 


124-4=3 


154-5=3 


8^2=4 


124-3=4 


164-4=4 


204-5=4 


10-^2=5 


15^3=5 


20-=-4=5 


254-5=5 


12-2=6 


184-3=6 


244-4=6 


304-5=6 


14^2=7 


214-3=7 


284-4=7 


354-5=7 


16-^2=8 


244-3=8 


324-4=8 


404-5=8 I 


18h-2=9 


274-3=9 


364-4=9 


454-5=9 1 



Digitized by VjOOQIC 



DIVISION. 



51 



DIVISION TABLE.^ContimiedO 



6^6=1 


7-f-7=l 


8-j-8=l 


94-9=1 


12-5-6=2 


14-h7=2 


16-4-8=2 


184-9=2 


18-^-6=3 


21-T-7=3 


244-8=3 


274-9=3 


24^6=4 


28^7=4 


32^8=4 


364-9=4 


30h-6=5 


35^7=5 


404-8=5 


454-9=5 


36^6=6 


42-4-7=6 


484-8=6 


54^9=6 


42 -f- 6=7 


49^7=7 


564-8=7 


634-9=7 


48^6=8 


56^7=8 


644-8=8 


724-9=8 


54—6=9 


63-r.7=9 


724-8=9 


814-9=9 



33. Division may also be represented by placing the 
divisor undeJr the dividend, with a short horizontal hne be 
iween them ; thus, ^ denotes that 10 is to be divided by 2. 

In the same way we have 
-^^=124-2; J^=13^3; J8J:=174-5; ^=534-7. 

This method is employed, when in division there is a 
lemaiMder, to express accurately the value of the quo- 
tient.' 

Wbtiit don dirif ion teaeh 1 What it the nmnbOT to be dWided odiod 1 What ii 

die DombM' by which we divide called 1 What it the number of 'jmes which the 

' 4iTid«id coDtaint the divisor called 1 There is tometlmei another part, what is it 1 

<M'iriMit name is the remainder 1 What is the STmbol of division 1 By what othei 

■Mthod is division denoted 1 

i 

When the divisor consists of only one figure, we proceed 
as follows : 

Divide 973 by 7? 

Having placed the divisor at the operation. 

I left of the dividend, keeping them 7)973 

separate by means of a curved line, 

we draw a straight horizontal line 2^ quotient 

ondemeath. 
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We then say, 7 is contained in 9, 1 time and 2 r* 
mainder ; we write the 1 underneath. As the 9 occupiea 
the hundreds' place, the 2 remainder must be 2 hundreds. 
The next figure, 7, to be divided, is ten^i, to which we add 
the 2 hundreds, or 20 tens, making 27 tens; which result 
is obtained by prefixing the 2 to the 7. Next, we see how 
many times 7 is contained in 27, which is 3 times and 6 
remainder ; we place the 3 for the next figure of the 
quotient, and conceive the 6 to be prefixed to the next 
figure of the dividend, making 63 ; which is the same as 
adding 6 tens or 60 imits to the 3 units. Finally, we find 

7 is contained in 63, 9 times. 

Thus 7 is contained 139 times in 973. Hence, 139 
repeated 7 times must equal 973. 

S4:. Suppose we wish to know how many times 8 is 
contained in 32. We might proceed as follows : since 32 
is greater than 8, we know that 8 is contained in it, at 
least )nce ; therefore, subtracting 8 from 32, we find 24 for 
a remainder. Again, we know that 8 is contained at least 
once in 24 ; therefore, subtracting 8 from 24, we have 16, 
from which, subtracting ■ 8, we have left 8 ; finally, from 

8 subtracting 8, we have no remainder. Hence, we per- 
ceive that 8 has been subtracted 4 times from 32, that 
is^ 8 is contained just four times in 32. It is obvious that 
by continued subtractions any operation iisi division naay 
be performed. 

For this reason division is said to be a^oncise way ofper^ 
forming several subtractions. 

CASE I. 

9S» Short Division is the method of operation when 
the divisor consists of only one figure. 
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Fccim the preceding operation we infer the following 

RULE. 

/. Place the divisor at the left of the dividend^ keeping 
them separate hy a curved line, and diato a straight Um 
underneath the dividend. 

IL Seek how many times the divisor is contained m the 
left-hand figure or figures of the dividend^ and place the 
result directly beneath, for the first figure of the quotient. 

Ill, If there is no remainder, divide the next figure of the 
dividend jUTthe next figure of the quotient. But when there 
is a rem§Kerf conceive it to be prefixed to the next succeed'- 
*^ fiS^'^K ^^ dividend before making, the next division. 
If a figune of the dividend^ which is required to be divided^ 
is less than the divisor j we must write in the quctient, and 
consider that figure as a remainder. 

IKriaioD k said to be a concise way of perfbnning what 1 What ia Short DiviBioD 1 
lUpeat the rale. 

EXAMPliES.. 

1. Divide 2345676 by 8. 

OPERATION. 

Divisor 8)2345675 dividend. 
Cluotient 293209 with 3 remainder. 



SO* When there is a remainder, we may place it over 
the divisor, with a short horizontal line between them, thus 

6* 
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indicating that this remainder is still to be divided by th« 
divisor, agreeably to Art. $S3. 



2. Divide 12456789 by 4. 

3. Divide 7890q346 by 7. 
4 Divide lll305p78 by 6. 
5. Divide 35?b2d348 by 3. 



Arts. 3114197i. 

Ans. 11271478. 

Ans. 21884279*.. 

Ans. 119006782f. 



CASE n. 

fS7» Long Division is the method of operation when 
the divisor consists of more than one figure. ' 

EXAMPLES. 

1. IKvide 4703598 by 354. 
It requires 3 figures, 
470, of the dividend to 
contain the divisor 354. 
This is contained once in 
470; we place the 1 at 
the right of the dividend 
for the first figure of the 
quotient, keeping it sep- 
arate from the dividend 
by a curved line. Mul- 
tiplying -the divisor by 
this quotient figure, and 
•ubtracting the product 
from 470, we have 116 for a remainder, to which v* 
annex the next figure, 3, of the dividend, thus forming i^S| 
number 1163. We now seek how many times the diviaor 
. is contained in 1 163, which is 3 times. We place the 3 for 
a second figure of the quotients Multiplying the divisor 
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OPERATION. 
DnrzioR. DivtsKND. QcoTunrr 

354)4703598(13287 
354 first product 

1163 

1062 second product. 

1015 
708 t hird product. 

3079 

2832 f ourth product 

2478 

2478 fifth product 
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by this second figure, and subtracting the product firom 
? 1163, we find 101 for a second remainder; to 'which an- 
nexing 5, the next figure of the dividend, we have 10.15. 
Thus we proceed till all the figures of the dividend have 
been brought down. 
From the above work we readily deduce the following 

RUtE 

L Place the divisor at the left of the dividend, keeping 
them separate^ a curved line. 

II. Seek how many times the divisor is contained tn the 
fewest figures of the dividend that will contain it ; set the 

' ^gure expressing the number of times at the right of th$ 
dividend for the first figure of the quotient^ keeping dividend 
and quotient separate by means of a curved line, 

III. Multiply the divisor by this quotient figure, and sub' 
tract the product from those figures of the dividend used, and 
to the remainder annex the next figure oftne dividend; then 
find how many times the divisor is contained in this new 
number^ and write the result in the quotient. 

IV. Again, multiply the divisor by this last quotient 
jigure, and subtract the product from the last number which 
toas divided, and to the remainder annex the next figure cj 
the dividend. Thus continue the operation until all the 
figures of the dividend have been brought down. 

Note 1. — Having brought down a new figure, if the nuinbei 
(has formed be less than the divisor, it will contain it times ; wt 
therefore write in the quotient, and bring down another figure. 

Note 2. — If in multlpljring the divisor by any quotient figure we 
jbtain a product which exceeds the number we sought to divide, 
we must make the quotient figure smaller. 

Note 3. — If a remainder should be found larger than the divisoi^ 
t& quoti^at figure must be taken lar^r. 
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SI8« If, now, taking the preceding example, we mol 
tiply the divisor by the quotien^^ we shall have this 



OPERATION. 


354 

13287 




2478 first product. 

2832 second product. 

708 X third product. 
1062 . fourth product. 
354 ' fifth product. 



4703598 



Here we discover that the products obtained by this 
multiplication, are the same as those obtained in the oper- 
ation of division, only they occur in a reverse order. In 
the operation of division, each succeeding product is placed 
one figure farther towards the right, while in the operation 
of multiplication, each succeeding product is placed one 
figure farther towards the left. Hence ther' sum of the 
products in the case of divisioi), must be the same as the 
sum in the case of multiplication. In the operation of di- 
vision, by the above rule, these products are successively 
subtracted from the corresponding parts of tlie dividend, 
until the whole is exhausted. .Now we have just shown 
by the operation of multiplication, that the Sum of these 
products, taken in the order in which they standf is equal 
to the dividend. Therefore the |bove rule for Long D^vtsm 
must be correct. 

PROOF. 

From what has been said,^e also infer that this method 
of long division proves itself as we proceed with the work, 

• Digitized by VjOOQ It 



v% 



since -we have only to add theiplipcessive proSucts^ and 
* the remainder, if any, to obtjfirKmerdividend. 

\ ^ ^ 

Wh&t is LoA^ Divition 1 How do yoa place 4he numbenl Repeat tlie rale, tf 
iftar having br^^t down a new figure, the result \}g'» than the diviaor, how do yoa 
imeeed 1 When t^ partial product ia greater thai the niHnber whi<3h was sapposel 
to contain the divisor, how do yoa do 1 When th» itimainder is gfentof than tb« A- 
liioi, how do you proceed? Ez^ahi the method of proof 



Divide 175678 by 223. 



OHSEATION. 

223)175678(787 . 
1561 first product 

1957 

1784 second product. 

1738 

1561 third product 

177 Tomainder. 

If we take the sum of the successive products and the 
mmainder, adding them as they now stand in the above 
vork, we^all obtain 175678 ; which, agreeing with the 
dividend, proves the accuracy of the division. This method 
of proving division is perhaps as sim|fle and brief as any 
method which can be devised. 

The coihmon method of proving Division, and one which 
is applicable to Short Division As well as to Long Division, 
is to multiply the divisor and qiiotient together, and ta add 
in the remainder, if any. 

3. Divide 7892343 by 139. ^ Ans. 56779 ftS- 

4. Divide 177575124270 by 753465/ Ans. 235678. 
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5. Divide 3478920? tv 64534. Ans. sk^WA 

6. Divide 123456789 ttj 789. Ans, 156472fH. 

7. Divide 5763447 by 678509. Ans. 8 gfgin> 

8. Divide 152180§704 by 6503456. Ans. 234. 

9. Divide 243166625648 by 3471032.. 

Ans. 70056 with 7856 remainder. 

10. Divide 166168212890625 by 12890625.* 

Ans. 12890625. 

11. Divide 11963109376 by 109376. .Ans. 109376 

' CASE in. 

39* When the divisor is a composite nimiber. 

We have seen (Art. 21,) that, in multiplication, when 
the multiplier is a composite number, the product may be 
found by multiplying by the factors successively. 

Now,^as division is the reverse process of multiplication, 
it is plain that when the divisor is a composite number, 
tl|e quotient may be found by dividing by the factors 
successively. 

Divide 944 by 105=3 x 5 x 7. 

In this division, we 
find the different re- 
mainders in succession. 

Let us now seek the 
true remainder, or that 
remainder whi(Jh would 
have been found, had 
ve at once divided the 944 by 105, , v - 

Since each unit of the 62 is 5 times -as |gc^t as each 



* This question and its succeeding one are worthy 0f notjce, since^tha t^rminil 
iguiMofthedividend, divisor, and qnotieut, are thl^same. ^ 



OPERATION. 

1st factor 3 )944 
2d factor .5)314 2= 1st rem. 
3d factor 7)62 4=2d rem 
quotient 8 6=3d rem. 
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unit of 314, it follows, that each unit of the 3d remainder 
6, which is a part of 62, is also 5 times^ui great as each 
unit of 314. Hence the remainder 6 is the same as 5 
times 6, or 30, units of the same kind as those of 314 ; but 
the 2d remainder 4, being a part of 314, and of the same 
cnrder, should be added to 30, making 34, for the true 
remainder arising from dividing 314 by 35 or 6x7. 
Again, since each unit of 314 is 3 times as great as each 
unit of 944, it follows, that each unit of the 34 is also 3 
times as great as each unit of 944. Hence the remainder 
34 is the same as 3 times 34=102 units of the same 
kind as 944 ; but the 1st remainder, 2, being a part of 944, 
is of the same order; so that 102+2=104, is the true 
remainder required. 

From the foregoing operation and reasoning, we deduce 
the following 

RULE 

/' Divide the given sum hy one of the factors of the divisor^ 
and that quotient hy anotherjSftoi^] and so on, until aU the 
factors have been used. The last jfuotient will be the quo* 
tient sought. It makes no difference in what order the fae- 
tors are used. 

To obtain the true remainder, we must observe the fol* 
towing 

RULE. 

Multiply the last remainder by tJie divisor preceding th§ 
last, and add in the preceding remainder ; multiply this sum 
hy the next precediT^\4i^i^or, and add in the next preceding 
remainder ; so c^OUinue this reverse process untiUyoxi Itcfoe 
multiplied by all the divisors except the last, 
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HowdoyoaptoeaedwfaeatliediTiMirkaeoinpQiitoniimberl DoeiitBialit Mf 

difibraoM whieh factor we fint diride by 1 When then aie wranl i 
•z|»lain bow tbe true i««ainder is obUkied 



EXAMINES. 



1. Divide 839 by 120. 

We will resolve 120 into 
the three factors, 4x5x6;= 
120. Now, proceding agree- 
ably to the rule, we have 
the annexed operation. 



0]^EATI0N. « 

4)839 

5 )209 3 =fir8t rem. 

6)41 4=second reia 

6 5=.thirdz^n. 



Now, tor obtain the true remainder, we have this 



OPERATION. 




ho bo 



4 



>X 5+4=29. Again, 29x4+3= 119. 



I 



Had there been more than three factors, the operatkm 
^would have been equally simple, but a little more lengthy. 
. 2. Divide 8217 by 35=5 x 7. Ans. 234 with 27 rem. 

3. Divide 33678 by 15=3 x 5. Ans. 2245 with 3 rem. 

4. Divide 9591 by 72=8x9. Ans. 133 with 15 rem. 
6. Divide 10859 by 49 =7 x 7. Ans. 221 with 30 rem. 
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CASE IV. 



30. When the divisor ends with one or more ciphers. 

We have seen (Art. 4t,) that a number is multipUed 
by 10 by annexing a cipher ; it is multiplied by 100 by 
ftimexing two ciphers ; by 1000 by annexing three ciphers, 
&c. Conversely, a number is divided by 10 by cutting ofl 
Goe figure from the right ; it is divided by 100 by cutting 
off two figures from the right, &c. 



OPERATION* 

210) 24715 

123 15 remainder. 



1. Divide 2475 by 20. 

Having cut oflf the 5 from 
the right of the dividend, and 
the from the right of the 
divisor, which is, in effect, 
dividing both dividend and 
divisor by 10, we proceed to divide 247 by 2, (Art. S8t5.) 
We obtain 123 for a quotient and 1 for a remainder. 
this remainder is 1 ten, since it is a part of the 7 of the 
dividend which occupies the ten's place ^ annexing the 
5 imits, which was cut off^ to the 1 ten which re- 
mained, we have 1 ten and 5 units, or 15 for the true 
remainder. 

Note. This case may be comprised under Case III., Art. 39. 
Thus, taking the preceding example, the divisor 20=2x10. 
Dividing 2475 first by 10, which division is effected by cutting 
off the right-hand figure, 5, we have 247 for the first quotient, ano 
^ for the first remainder. Next, dividing 247 by 2, we find 123 fox 
the quotient sought, and 1 for the second remainder. 

Now, by the rule under the case referred to, we find the mie i^* 
mainder to be 1 X 10+5=15. 
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37|00)45678|94(1234 
37 . 

86 
74_ 

127 
lU 

168 
148 



2 Divide 4567894 by 3700. operation. 

If, in this second example, we 
regard the divisor 3700 as a 
composite number, whose fac- 
tors are 100 x 37=3700, the ex- 
ample will also properly come 
under Case III; according to 
which, the 94 cut off from, the 
right of the dividend is to be 
considered the first- remainder^ 2094— rem 

and the 20 is the last remainder. 
Hence, the true remainder is 20 x 100-f 94=2094. 

From the above operations we deduce this 

RULE. ' 4^ 

Cut off from the Hght of the dividend as many figures 4U 
there are ciphers at the right of the divisor ; divide what . 
remains by the divisor vnthout the ciphers at its right. T$ 
the final remainder annex the figures cut off from the divi- 
dend, for the true remainder. 

How do yoa proceed when there are cij^ert at the right <^the divisor 1 

' 3. Divide 7123545 by 421000. Ans. 16 and 387545 rem 

4. Divide 1212121212 by 42000. 

jin*. -28860 mi 1212 rem. 

5. Divide 123466789 by 12300. Ans. 10037iMui 1689rem. 

6. Three men are to share equally in the sum of 1236 
dollars. How many dollars will each have ? Ans. 412 dolk 

7. Divide 1245 acres of land equally between five 
brothers. Ans. Each has 249 acres. 

8. It is about 95000000 miles from here to the sun. 
Now, admitting that it requires 8 minutes for light to paw 
from the sun to the earth, how many miles does it pass in 
one minute? ^ Ans. 11876000 miles. 
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9. Allowing 22 bricks to be sufficient to make one 
cubic foot of masonry, how many cubic feet are there in 
a work which requires 100000 bricks? 

Ans. 4545 cubic feet and 10 brick remaining 

10. The circumference of the earth is about 25000 miles. 
How long would it require for a person to travel aroimd it, 
if he could pass uninterruptedly at the rate of 200 miles 
per day? Ans. 125 days. 

11. In 1845 the extent of post-roads in the United States 
was 143940 miles, and the amount paid for the tmnsport- 
ation of the mail during the same year was 2905504 dol* 
lazs. How much was the average expense per mile % 

Ans, Between 20 and 21 dollars. 
12^ The distance of Uranus from the sun is about 
1860624000 miles. How many hours would it require to 
pass this distance at 18 miles per hour? Also, how many 
days, and how many years, counting 24 hours to the day, 
and 365 days to the year? 

rit would require 103368000 hours. 
Ans.< « « " 4307000 days. 

L** " " 11800 years. 

13. How many barrels of apples, at 3 dollara per barrel, 
can I buy for 2568 dollars? And if one tree produce 8 
barrels, how many trees will be required to yield the re- 
quired amount ? a S ®^^ barrels, 
r ^^' t 107 trees. 



31* QUESTIONS mVOLVmO THE FOUR GROUND RULES. 

1. A person owes to one man 375 dollars, to another he 
owes 708 dollars, to a third man he owes 911 dollars. How 
much docs he o we'to the three men ? Ans. 1994 dollars. 
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2. A farmer has sheep in five fields ; in the first, he has 
917 ; in the second, 249 ; in the third, 413 ; in the fourth, 
1000 ; and in the fifth, he has 197. How many sheep haf 
he in the five fields ? Ans. 2776 sheep. 

3. A person owes to one man 302 dollars, to anothoi 
man he owes 707 dollars, and has owing to him 2000 dCi* 
lars. How much will remain after paying his debts ? 

Ans, 991 dollars. 

4. A farmer receives for his wheat 103 dollars, for Lis 
com ^0 dollars, for his butter 511 dollars, for his cheese 
1212 dollars, for his pork 601 dollars. He pays towards 
a new farm 1000 dollars, for a new wagon 50 dollars, for 
hired help on his farm 290 dollars, for repairing house ][73 
dollars. How much money has he remaining ? 

Ans. 974 dollars. 

5. A person wills 1200 dollars to his wife, 300 dollan 
for charitable p\urposes, and what remains is to be equally 
divided among 6 children. Allowing his jMroperty ft 
amount to 8562 dollars, how much would each child haire? 

Ans. 1177 dollars. 

6. A man gave 13558 c ollars for a farm ; he then sold 73 
acFQS, at 75 dollars per acre ; the remainder stood hi^ in 
at 59 dollars per acre. How many acres did he purchase? 

Ans. 210 aofes. 

7. Four boys divide 336 apples as follfows : the iaaX 
takes one sixth of the whole ; the second* t^kes one fourth 
of what was left ; the third takes one half- of what was 
then left ; the fourth has th%,jamainder. What niumbef 

r The first had 56. 
The second had 70* 



of apples did each boy have 1 
Ans. 



The third had 105. 
LThe fourth had 10&' 
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8. An estate of 8100 dollars was divided among 9 chil- 
dien in the following waj: the first had 100 dollars and 
one tenth of the remainder ; after this the second had 200 
dollars and one tenth of the residue ; again, the third had 
300 dollars and one tenth of the remainder, and so on ; 
each succeeding child had 100 dollars more than the one 
iBDmediately preceding, and then one tenth of what still 
remained. What was the share of each 7 

. i They shared equal; each 
' i had QOO^ollors. 

9. A and B each owe C: A owes 1472 dollars, which 
is less than what B owes him, and yet the difference be- 
tween A's and B's debts is 719 dollars. How much does 
B owe CI Ans. 2191 dollars. 

1 0. Admitting the earth to move 68000 miles per hour, 
how far will it move in one day ; and how far in a year 
of 365 days 1 ^^ i 1632000 miles in one day. 

( 595680000 miles m one year. 

11. If the President of the United States exx)ends daily 
60 dollars, how much will he be able to save at the end 
ef the 365, out of his salary of 25000 dollars ? 

Ans. 3100 dollars. 

12. An army, consisting of 4525 men, have 103075 
loaves of bread. At the end of 21 days, 500 men are killed 
in a battle Now, if each man in each day eat one loaf 
of bread, how many days after the battle will the bread 
•QStain the army ? Ans, 2 days. 

19L Two locomotives start from the same place, and 
i^ the same direction; the first goes 25 miles each 
ienst^ the^ second only 15 miles. After th^ first has passed 
distance of 100 miles it commences a backward motion, 
tt^l&tainuig the same velocity, until it meets the second 

6* 
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locomotive. How many hours after starting will thej 
meet ? And at what distance will they meet from th( 
starting point 1 a S '^^^7 ^^^ ^^^ ^ ^ hours, 

( at a distance of 75 miles. 
14. One hundred miles of raibroad track are to be laid 
with heavy rail, requiring 116 tons to the mile. Aftei 
receiving iraa at 52 dollars per ton to lay 58 miles, thi 
price per ton was increased so as to make the whole cosi 
of the entire ^ad 612944 dollars. What was the lattcl 
price per ton olf the iron? Ans. 54 dollais. 



FRACTIONS. 



33* A fraction is a part of a unit. 

Several m^ods are used to express fractions or parti 
of imits, which give rise to several distinct kinds of frac- 
tions. Those usually employed in arithmetic are Vulgax 
or Common Fractions, and Decimal Fractions. 

WhHtif afnetioni What two methods aie usually en^ployed to expranfimetknit 



VULGAR FRACTIONS. 



Vulgar fractions consist of two distinct pcirts or 
terms, the one written above the other, with a str 
horizontal line between them, as in division, (Art. 
The number above the line is called the numerator. 
number below the line is called the denominator. 
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ieaominator shows how many parts the tmit is divided 
ifito; and the numerator shows how many parts are used. 

Thus -f is a vulgar fraction, whose numerator is 5 and 
denominat(»r 8^ it is read jSve eighths, 

A vulgar fraction may be considered a concise method 
cf expressing division, (Art. 33,) where the numerator 
corresponds to the dividend, and the denominator to the 
divisor. Thus f is the same as 6 divided by 8, and it 
may therefore be read one eighth of ji\e^ or, as above, jive 
fighths of one. In the same way ^ indicates that 1 is 
divided into 9 equaL parts: it is read one ninth of one. 

fter the same manner, 

■IJ- is read one seventh of three, or three sevenths of one, 
•j- is read one fifth of four, ox four fifths of one, 
fi is read one eleventh of six, or six elevenths of one, 
■f is read one ninth of eight, or eight ninths of one. 
Soc. &c, &c. 

The fraction -f- denotes that 5 is to be divided by 7. 

« Jf « 17 « 8. • 

" ft «* 3 "12. 

« i " 1 « 2. 

« i " 1 "3. 

« i « 1 « 4. 

« f ' « 2 • « 5. 

&c, < &c. &c. 

When the numerator is equal to the d^nomuiator, the 
I of the fraction is a imit. 
tyfken the numerator is less than the denominator, the 
f is less than a unit, and the expression is called a 
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When the niimerator is greater than the denominatoi; 
the value is greater than a unit, and the expression is called 
an improper fraction. 

Thus, each of the expressions, f , f , -H-, ^^ <&c., is equal 
to a unit. 

£ach of the expressions, -J, f, f, f, f, A, &c., is a 
fnoper fraction. 

Each of the expressions, -f, f , f , if, f, +f, &c., is an 
improper fractiop. 

When a whole number and fraction are connected, the 
expression is called a mixed number. Thus, 4^, 3^^, Bft^^ 
2|f, &c., are mixed numbers. The* whole number is 
called the integral part of the expression, and the fraction is 
called iht fractional part. 

When several fractions are connected by the woni of 
the expression is called a compound fraction. The ex- 
pressions, i of -f of i, f of -f of f of -H", f of f of ^ off, 
&c., are compound fractions. . 

Any number may be made to assiune the form of an 
improper fraction, by writing under it a unit for the de« 
Aminator. Thus, 2, 3, 4, 5, 7, &c., are the same as 

Fractions swnetimes occur, in which the numerator, or 
denominator, or both, are themselves fractional ; such ex- 
pressions are called complex fractions. 
31 4 24- 104- 

Thus, -^, — , -^ — ^, &c., are complex fractions. 

4, 7+,3+,9A, 
A fraction is said to be inverted when the numercjtor 
and denominator exchange places. Thus : the fractions. 
iiHj Ij ft, i, f , when inverted, become f , i, f , -y, % -J. 

WkatiiaYuIgarfnetionI Whichitthenomeratorof a Tulgar fraction 1 Wlilh 
SMdanomioator? What^oes the denominator ihowl Whatdoei tha nvmoraM 
■how 1 In the rulgar fraction five eighths, which it the numerator, and which thi 
r1 Bowititieadi What may a vulgar fraction be eonaidered a oonein 
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miofezpraninf 1 In a Tulgarfnetion, which parteorreipoaditoilMdhrideiid,ta^ 
H^ to the divisor 1 What is the vahie of the fraction, when the nnmentor b equal 
% the denominator 1 When ii tiie value len than a unit 1 What it the fVaction tbsn 
MQed 1 When it the value greater than a unit 1 What it the fraction then eaUed 1 
Cire examples of proper fractioot. Give examples of improper fractiont. When « 
vhoto number and fraction are connected, what is the exprewion called t Give ez 
■D^ When several fractions are connected by the word of, what kind^a firae- 
lioo is it then called 1 Give examples. When the liumerator, or denominater, or 
kolh, are already fractional, what are they called 1 Give examples. When is a frao- 
tioD said to be inverted t Givoexampbs. 



REDUCTION OF FRACTIONS. 

I 84* In division, the divisor, dividend c^nd quotient ase 

flo related, that the product of the divisor and quotient is 

always equal to the dividend. Hence, the divisor and quo* 

tient may be interchanged ; that is, if the dividend be 

divided by the quotient, the result will be the divisor. It 

is also obvious, that, with the same divisor, twice as great 

t dividend will give twice as great a quotient ; thrice a^ 

;reat a dividend will give thrice as great a quotient ; and 

p general, the effect of multiplying the dividend by any 

mmber is to multiply the quotient by the same number 

Bn the other hand, if the dividend remain the same, mul- 

flying the divisor by any number produces the same 

Iffect as dividing the quotient by the same number. Con- 

ftquently, if we multiply both dividend and divisor by th* 

ime number, it will produce no change in the quotient. 

'Again, it is obvious, that with the same divisor, half ai 

sat a dividend will give but half as great a quotient , 

iB^hiid as great a dividend will give one-third as great 
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a quotient ; and in general, the effect of dividing the 
dividend by any number, is to divide the quotieijt by the 
same number. On the other hand, if the dividend remaiii 
the same, dividing the divisor by any number produces the 
same effect as multiplying the quotient by the same nui»- 
ber. Consequently, ff we divide both dividend and divisor 
by the same number, it will produce no change in the 
quotient. 

If, now, we call to mind that the value of a fraction ii 
the quotient arising from dividing the numerator by the 
denominator, we readily.infer the following 

PROPOSITIONS. 

/. That^ multiplying the numerator hy any number is the 
same as multiplying the value of the fraction by the same 
number. 

IL Thatj multiplying the denominator by any number is 
the same as dividing the value of the fraction by the same 
number, 

III. That^ multiplying both numerator and denominator 
%y any number does not alter the value of the fraction. 

IV. That, dividing the numerator by any number is the 
same as dividing the value of the ff action by the same number. 

V. That, dividing the denominator by any number is the 
same as multiplying the value of the fraction by the sairhe 
number. 

VI. That^ dividing both numerator and denominator bp 
she same number does not alter the value of the fraction 

GREATEST COMMON DIVISOR. 

3«S« Tnc greatest common divisor of two or more 

numbers, is the greatest number which will divide them 
without any remainder. 
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Before proceeding to find the greatest common divisor of 

two numbers, we will show that any number which will 
divide two numbers exactly, will also divide their difference. 

Suppose we have a common divisor of 636 and 276 ; 
thia will also exactly divide 360, their difference. For, 
636 is made up of the two parts 276 and 360, so that any 
number which will exactly divide 636, will also divide 
276+360 ; if a divisor of 636 will at the same time divide 
one of its parts, 276, it will of necessity divide the other 
part, 360. Hence a common divisor of 636 and 276 is 
also a divisor of their difference, 360. 

As the divisor which is common to 636 and 276, is also 
a divisor of 360, it must be a common divisor of 360 and 
276, and consequently of 84, the difference between 36f0 
and 276 ; and in general, when any two numbers have a 
common divisor, and we subtract any number of times the 
smaller number from the larger, the remainder will be 
exactly divisible by this common divisor. ' 

What, now, is the greatest common divisor of 360 and 
276. 

The greatest divisor cannot exceed the less ntraiber, 276, 
But 276 will not divide the other number, 360, without a 
remainder, 84. Hence, the greatest divisor of 276 and 84 
must be the greatest common divisor of 360 and 276. 
Again, dividing 276 by 84, we find 3, quotient, and 24, 
remainder. So the greatest common divisor of 84 and 24 
is also the greatest common divisor of 276 and 94, and 
consequently of 360 and 276. Now, dividing 84 by 24, 
wo fincf the quotient 3, and remairi-x J 2. Finally, divi- 
ding 24 by 12, we find it is contained exacily t^ce-, eo 
that the greatest common divisor of 24 and 12 is 12 : con- 
sequently, 12 is the greatest common divisor of 360 coid 
276. We will exhibit in one point of view the aljove. 
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OPERATION. 



276)360(1 
276 



84)276(3 
252 



24)84(3 
72 



% 



12)24(2 
24 



Hence, to find the greatest common divisor of two num- 



bers, we deduce this 

\ 
RULE. 

Divide the greater number by the le^s, then the less numbtf 
hy the remainder ; thus continue to divide the last divisir by 
the hut remainder, until there is no remainder. The last 
divisor wiU be the greatest common divisor. 

Note, — ^When there are more than two numbers whose greatest 
common divisor is required, we must find the greatest comAioii di- 
visor of a^y two, and dien find the greatest common divisor of this 
divisor thus found, and one of the remaining numbers; and thut 
eontinne mitil all tke difibrent numbers have been used. 



What it the grefttest oommon divisor of two o? more nmnheri 7 Reptgt the rule 
Ibr finding the greetest common divisor of two numbers. How io yon proceed wbee 
Iheeeaiemoieth&ntwonnmbent ^ 
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EXAMPLES. 

i, Find the greatest common divisor of 592 and W9 

OPERATION. 

692)999(1 
592 



407)592(1 
407 



185)407(2 
370 



37)185(5 
185 





From Mrhich we obtain 37 for the greatest comman 
livisor of 592 and 999. 

2. What is the greatest common dirisor of 492, 744, 
wid906? 

We first find the greatest common divisor of 492 and 
T44 by the following 

OPERATION. 

492)744(1 
492 



252)492(1 
252 



240)252(1 
240 



12)240(20 
240 
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Therefore, the greatest comnwHi dividor of 492 and 744 
kl2. 

Again, proceeding with 12 and 906, Ve Jiave thefd 
lowing 

OPERATION. 

12)906(75 ' 
900 



6)12(2 
12 



We thus find 6 to be the greatest conmiOn divisotof 12 
and 9P6, end conSecpiently of the three numbers, 492, 744, 
and 906. 

3. What is the greatest cc^mnon divisor of 315 and 
405? Ans. 45. 

4. What is the greatest common divisor of 1826 and 
2655? Ans. 5. 

5. What is the greatest common divisor of 506 and 
308 ? Am. 22. 

6. What is the greatest common divisor of 404 and 
, 364? ^ Ans. 4. 

7. What is the greatest common divisor of 246, 372 
ftnd522? ^ Ans. 6. 

V 36. We are now prepared to proceed to the reduction 
of fractions. 

'Wt know '^(Prop. VI., Art. 34) that we c^ drnde 
.twtb numerator and denon^ator of a fraction by any num- 
ber without alteifing its value. If we divide by il^e great- 
est common divisor, the resulting fraction wi'd 1i^ m its 
lowest terms. ' . ' 
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Therefore, to reduce a fraction to its lowest terms,. w« 
(uif e this 

JRXJLE. 

Divide both numerator and denominator by their gteatut 
divisor.. 



How do you nduee afiraetioo to iti lowett tenmt 



RXAMPLKS. 



1. Reduce -JfJ to its lowest terms. 

We have already found (Ex. 1, Art. 3ff ,) the ^atesi 
common divisor of 592 and 999 to be 37. Dividing both 
these terms by 87, we find 16 and 27 for quotients : hence, 
Hf, when reduced to its lowest terms, becomes if. 

2. Reduce -H+f to its lowest terms. Ans. i. - 
8. Reduce fi, ff^y i*ft, to their lowest terms. 

Ans. i, i, i. 

4. Reduce fj-f to its lowest terms. Ans. f . 

5. Reduce iVA to its lowest terms. Ans, ft. 

6. Reduce -f^ to its lowest terms. Ans. -f. 

7. Reduce xHr to its lowest terms. Ans. Ttr* 

8. Reduce ii^ to its lowest terms. Ans, '^. 

9. Reduce iUU to its lowest:;terms,. Ans. .-?+. - 
10. Reduce ff-fM* to its lowest terms. Ans. f. 

JK^e^ may frequently discover numbers, by inspection, 
which will divide both numerator ai^Anominator without 
a remainder. When this is the case, we need not resort 
to the rule for obtaining the greatest conmion divispr, 
until we have divided by such numbers. 
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11. Reduce fH+ to its lowest terms. 

In this example, we first divide the numerator and 6» 
nominator by 4, which reduces the fraction to +f}f. W« 
again divide by 4, and obtain f^. Dividing the numera- 
tor and denominator of this leist fraction by 4, we obtain 
tV?, which is still further reduced by dividing three -8*10' 
cessive times by 3. 

-f-4 -f-4 -f-4 ^3 -^3 V3. 

pi 94 --- 1 g 9 6 a ?A ■ fti fix a. 2. 

« 912^ 172 8 — T32 =T()T — Tt — TSf — 4* 

12. Reduce iff to its lowest terms. 

-j-2 ~3 -^3 -3 -;-3. 

13. Reduce ffj- to its lowest terms. J^s, f/ 

14. Reduce if ji to its lowest terms. Ans, -fj. 
* 15. Reduce lUli to its lowest terms. Jl^. -^ 

16. Reduce f|fgn to its lowest terms. , Anl^,* 

37 • To reduce an improper fraction to a whole or iffix- 
ed number. 

Reduce -ff to a mixed number. 

Since the value of a fraction is the quotielit arising 
from dividing the numerator by^ the denominator, {Azi 
34,) we may find the Vfilue of -HjJ^ dividi»ff^95 by 43. 
Performing the division, we find 7 for the qjaotieat, aad 4 
for a remainder. Hence ■H=7i^.-{4-k.t. 3^6.) 

From which we have the folw^ng 

KULE. V, 

Divide the numerator hy the denominator ; ike qtwttent^ll 
b$ the integral paft of the mixed number, Th^ remaiider 
being placed over the denominator of the improper fi-actum^ 
will form the fractional part, , 

Repeat th« rale for reducing on improper fraction to a inized nomo«>. 
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EXAMPLES. 

1 Reduce j^to?k mixed number. Ans, 2f . 

2. Reduce -V-, -W, to mixed numbers. Ans, 1 If, 7^. 
'3. Reduce V? "Vj to mixed numbers. Ans, 8^, 8f. 

4. Reduce ^^ to a mixed number. Ans, ISf. 

5. Reduce -Hfi^ to a mixed number. Ans. Sl-jff. 

6. Reduce -^p to a mixed number. Ans. 34^. 

7. Reduce -"ft^ to a mixed number. Ans.32-f^, 

8. Reduce -Hf^ to a mixed nimaber. Ans. 38^. 

9. Reduce VaW to a mixed nimiDer. jliw. KHI^f. 
38* To reduce a mixed number to an improper fraction. 
Reduce the mixed number 37-| to an improper fraction. 

If we multiply the fractional part, f, by 8, the product . 
idll be 3. (Art. 34.) Multiplying 37 by 8 we obtain 
296, to which adding 3, we find 299 fWr 8 times 37f . 
Henc6 37f is equal to 299 divided by 8, that is, to ^^ • 
Hence, we have this 

RULE. 

Multiply the integral part of the mixed number by the de* 
nominator of the fractional part ; to the product add the 
nmeratTr of the fractional part ; the sum will be the numera- 
tor of the improper fraction ; under which place the denomi' 
vAoT of the fractional part. 

This rule is obviously correct, since it is the reverse of 
the rule, (Art. 37^) where a inverse operation waa r^ 
quiied to be performed. 

feXAMPLlSS. 

1. Reduce 4^ to an improper fraction. An$, f. 

2. Reduce 3^, 7f, to improper fractions. Ans. ^, Vr 
3 Reduce 8+, 7^, to improper firactions. Ans. -Vi ^ 

7* 
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4. Reduce 81-}|^ to an improper fraction. Ans.^H^, 

5. Reduce 37^^ to an improper fraction. Ans. -^-ff^ 

6. Reduce Sff-t to an improper fraction. Atis. -W^- 

7. Reduce 7-Hr to an improper fraction. Ans. ^f^ 

8. Reduce 365-H to an improper fraction. 

Ans. ^a^W^, 

9. Reduce 1234||- to £in improper fraction. ^ 

Ans. -a-W^. 

10. Reduce 77-ft- to an improper fraction. Ans. ^. 

39. Let us endeavor to reduce the compound fiac* 

tion -f of -ft^ to an equivalent simple fraction. 

i of -ft- can be obtained by dividing the value of the 

fraction -ft- by 4, which (by Prop. II., Art. 34,) can be 

effei^ed by multiplying the denominator by 4 ; therefore, 

7 
i of -ft equals-— ^. 
4x11 

Again, f of -ft is obviously three times as great as i 
of -fj ; therefore, to obtain -J- of -ft-, we must multiply 

7 

by 3, which (by Prop. L, Art. 84,) can be done by 

4x11 

multiplying the numerator by 3 ; hence we have -J- of -ft= 
3x7 _21 

4xll""44' 

Therefore, to reduce compound fractioiiB to their equiva 
lent simple ones, we have this 

^ RULE. 

Consider i^ word of, which connects the fractional paris^ 
€13 equivalent to the sign of multiplication. Tiien muUipk/ 
all the numerators together for a new numerator^ and aU 
the denominators together for a new denominator ; always 
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observing to reject or ccmeel such factors as are common to 
the numerators and denominators^ which is the same as di- 
viding both numerator and denominator by the same numbers^ 
and which {by Prop, VI, Art. 34,) does not change the 
wdue of the resulting fraction, 

lUpeit the Rule for ndaciog a oomponnd ftaetkm to « limple one. 
EXAMPLES. 

1. Reduce i of -f- of -ft- of -iV ^o i^s equivalent simple 
fraction. 

Substituting the sign of multiplication for the word q/J 
we get ix-f-X^X-ft-. First, cancelling the 8 of the 
numerator against thei 2 and 4 of the denominator, by 
drawing a line across them, we get 
^* 1 3 J _5 

Again, cancelling the 3 and 6 of the numerator against 
the 15 of the denominator, we finally obtain 

2. Reduce f of -H of ^ of i of -ft- to its simplest form. 
First, cancelling the 7 and 6 of the numerator againfirt 

the 35 of the denominator, we get 

7 $fi 8 9 11 

Again, cancelling the 7 of the denominator against 
the same factor of the 14 of the numerator, and the 3 of 
the n^mierator against the same factor of the 9 of the da* 
Qttomiator, we obtain 

y\ 2 - . 

-X — x-x-x — 

7 $$ 8 $ 11. Digilized by Google 
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i^allj, cancelling the 2 and 4 of the numerator agtoittl 
the 8 of the denominettor, we get 

^ $$ .> 11 33- 

« 

Note.— We have written our iiractions several times, in isdci 
the more clearly to exhibit the process of cancelling. But in {arac^ 
tice, it will not he necessary to write the fractions more than once. 
It will make no difference which of the factors is first cano^ed. 
When all the common factors have in this way been stricken oat, 
^ ijractioQ will then appear in its lowest terms. 

3. Reduce f of f of -f of ■} to its simplest form. 

Ans. -J. 

4. Reduce f of f of f of -J- to its simplest form. 

Ans. A- 

5. Reduce -f- of -H of -H- of •?• of -H to its simplest fonn. 

Ans. -ft. 

6. Reduce i of 2^ of 3^^ of 6 to its simplest form. 

Ans. 26. 

7. Reduce i of f of f of -f^ to its simplest form. 

Ans. -^. 

8. "Reduce + of f of -f- of -H- of H to its simplest form. 

Ans. tV- 

9. Reduce -J- of 4- of if of -1 of f of 4^ to its simplest 
form. Ans. -ft-. 

10. Reduce f of f of f of i of f of f of -f of f of A to 
ks simplest form. Ans. t^. 

40* To reduce fractions to a common dei^^cnnator 
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We know (Art. 34, Prop. Ill,) that the value of a 
fraction is not changed by miiltipljdng both numerator 
and denominator by the same number. If, then, we mul- 
tiply the numerator and denominator of each fraction by 
the product of the denominators of all the other fractions, 
we shall retain the values of the respective fractions, and 
«t the same time they ynll have a common denominator. 

Let it be required to reduce -J-, -I of f, t^t, and -f off, to 
equiy^ent fractions having a common denominator. 

These fractions, when reduced to their simplest fonH) 
become -J, f , -]ft, and -f. 

For first fraction, J. 

Multiply the numerator and denominator, each by 3 X 
11x9, the product of the denominators of the other frac- 
tions, and we find 

1x3x11 X 9=297 fo' new numerator. 
2x3x11x9=694 * " denominator. 

For second fraction, f . 

Multiply the numerator and denominator, each by 2 x 
11x9, the product of the denominators of the other frac- 
tions, and we find 

2x2x11 X 9=396 for new numerator. 
3x2x11x9=594 " " denominator. 
For third fraction, -ft-. 

Multiply the numerator and denominator, each by 2 x 
3x9, the product of the denominators of the other firao* 
tioQs, and we find 

3 X 2 X 3 X 9 = 1 62 for new numerator. 

11x2x3x9=594 " " denominator. 
For fourth fraction, -f. 
Multiply the numerator and denominator, each by 2x 
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3x11, the product of the denominators of the other frae 
tions, and we find 

2x2x3x11 = 132 for new numerator. 
9x2x3x11=594 " " denominator. 

Hence the fractions become Hf ? fM? iif > and -Hi. 

It will be seen that each numerator is multiplied by th« 
pipduct of all the denominators except its own. It will 
also be seen that in obtaining each new defiominatoi^ the 
factors are the same, namely, all the denominators. 

Hence the following ^ 

RULE. 

Reduce mixed numbers to improper fractions^ and een- 
pound fractions to their sipiplest form. Then multiply each 
numerator by all the denominators except its own for a ne» 
numerator, and all the denominators together for a common 
denominator, 

Repeat thii Rule. 

EXAMPLES. 

1. Reduce -J^, i, + to equivalent fractions having a comr 
mon denominator. Ans, -^, rftVj -^^ 

2. Reduce -J, i, ■}•, to equivalent fractions having a 
common denominator, Ans. jti, /j-, iff. 

3. Reduce f, % ^, •}■, to equivalent fractions havii^ a 
common denominator. Ans, -fH, -fff , ffj-, -ffi- 

4. Reduce i of f , 4^-, 5^, to equivalent fractions having 
a common denominator. Ans. -ft, -H, -H". 

5. Reduce f of f of 5, 7-J-, 5^, to equivalent fractkim 
having a common denomina?tor. Ans. -Jf , -W"? "W* 

4:1 • In most cases fractions may be reduced to egmr 
alent ones having a smaller common denominator than rB 
given by the above rule. Before showing how lo findtht 
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Mst common denominator of ftdiCiJona, it becomes necessary 
to show how to find ' 

THE LEAST OGUXOK mJUHFLEL 

A multiple of several numbers is such a number as can 
be divided by each of them witliout a remainder. Thus, 
12, 24, 36, 48, &c., are multiples of 2, 3, 4, and 6, since 
each of them is divisible by 2, 3, 4, and 6. Any set of 
numbers may have an infinite number of multiples. In 
practice it is the least common multiple which is usually 
sought In the above example, 12 is the least common 
I multiple of 2, 3, 4, and 6. 

iLet us seek the least common multiple of two nimibers, 
as for example, of 4 and 18. Separating these numbers 
into their smallest component parts, (Art. 31,) they be- 
come 4=2x2; 18=2x3x3. If we multiply 2x2=4 
by2x3x3=18, we shall obtain 2 x 2 x 2 X 3 x 3, which 
is obviously a common multiple cf 4 and 18, since the 
factors of these numbers are found in this expression. 
But it is not the least common multiple of 4 and 18, since 
one of the 2's, which is a common factor of 4 and 18, 
may be omitted, and the result, 2x2x3x3, will still 
contain all the different factors of 4 and 18. Hence, 
vhen two nmnbers have no common divisor, their least 
coounon multiple may be found by taking their product. 
When they have a common divisor, their least common 
multiple may be foimd by dividing their product by their 
greatest common divisor ; or, by dividing one of the num* 
bers by their greatest common divisor, and multiplying the 
quotient by the other number ; or, by dividing each num- 
ber by their greatest common divisor, and multiplying the 
product of the quotients by this greatest common divisor. 
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It is the last method that we find most convenieDt to 
employ. 

The least common multiple of more than two numben 
may be foimd, by first finding the least -common multiple 
of any two #f the numbers, and then finding the least 
common multiple of that multiple, and another of tht 
given numbers, and so on, until all the different numben 
iiave been used. 

We will now seek the least common multiple of 10| 18 
and 21. 

The greatest coiiimon divisor of 10 and 18 is 2. Dividinf 
10 and 18 by 2, we find 5 and 9 for the quotients ; hence 
the least common multiple of 10 and 18is2x5x9. We 
now seek the least common multiple of 2 x5 x9 and i\. 
The greatest common divisor of these two numbers is 3, it 
being a divisor of 9 and of 21. 

Dividing by 3, we have 2x5x3 and 7 for the quotients. 
Hence the least common multiple of 2x5x9=90 and 
21, is3x2x5x3 x 7=630, which is also the least com- 
mon multiple of 10, 18 and 21. 

If we place the numbers 10, 
18 and 21 in a horizontal hne, 
and divide the 10 and 18 by 2, 
and bring down the 21, we 
shall obtain a second Hne con- 
sisting of 5, 9, and 21. Di- 
viding the 9 and 21 of this - 
second line by 3, we obtain a third line ojpisisting of 5,3,1 
and 7, no two of which have a common divisor. Now, 
multiplying the divisors 2 and 3 by the product of thei 
numbers in the last horizontal line, we have 630, the least' 
common multiple sought. 
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2 


10, 18, 21 


3 


5j 9, 21 




6, 3, 7 



2x3x5x3x7=630. 
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Hence the least common multiple of anj set of numben 
may be found by the following 

RULE. 

Write the numbers in a horizontal line ; divide them by 
(lie kast number which will divide two or more of them with- 
wt a remainder ; place the quotients with the undivided 
umbers, if any, for a second horizontal line ; proceed with 
Hds second line as with the first ; and so continue until there 
m no two numbers which can be exactly divided by the same 
^visor. The continued product of the divisors, and of the 
numhers in the last horizontal line, will give the least common 
multiple. 

Note.— Whea there is no number which will divide twro of the 
given nombers, their continued product must he taken for the least 
common multiple. 

Wliat is ft multiple of several numbers 1 Mention some of the multiples of 5S, 3, 4, 
ud 8. Are the number of multiples of any set of numbers limited 1 Repeat the Rtk 
foi fiodiog the least common multiple of any set of numbers. When thwe is no num- 
^vUeh will divide two of the given numben, how is the least multiple found ? 

\ EXAMPLES. 

/I. What is the least common multiple of 12, l^nd24l 

OPERATION. 



2 


12, 


16, 24. 


2 


6, 


8, 12. 


2 


3, 


4, 6. 


3 


3> 


2, 3. 




h 


2, 1. 
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Hence, 2x2x2x3x2=48 is the least coumioaaiiil 
tiple. 
2. What is the least common multiple of 12, 15| 24? 



OPERATION. 



2 


12, 15, 24. 


2 


6, 15, 12. 


3 


3, 15, 6. 




1, 5, 2. 



Therefore, 2 x 2 x 3 x 5 X 2= 120 is the multiple sought 

3. What is the least common multiple of *1, 77, 88? 

Ans. 616. 

4. What is the least common multiple of 37, 41 1 i 

Ans. 1617. 

5. What is the least common multiple of 24^ 60, 45, 
180? Ans. 360. 

6. What is the least commouiultiple of 2, 4, 6, 8? 

^v Arts, 24 

7. Tlhat IS the least common miultiple of 3, 5, 7, 9? 

Ans. 315. 

8. What is the least common multiple of i2, 3, 4, 5, 6^ 7, 
8,9! JLiw. 252a 

9. What is the leasj^ommon multiple of 7, 14, 16^ 18, 
«4? - Ans, 1008. 

10. Wb^at is the le%st common multiple of 1, 2, 3, 4, 5| 
6,7,8,9,11? Ans, 27790. 

43. We are now prepared tQ reduce fmctions to tlieff | 
least common denominator. 
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Let it be required to reduce to the least commoa^^ 
nominator the fractions -ft-, -ft-, and H. 

If we take the least common multiple of the denomina* ' 
lore 12, 16, and 24, which is 48, ^nd divide it in turn by 
these denomiiiators, we shall obtain the respective quo* -;f 
tients 4j 3, and 2. Hence, if w» multiply the numerator 
and denominator of each fraction by 4, 3 and 2 respect- 
ively, they will become fj^, -Ji and ff . These fraetions 
am equivalent to the original ones, and have theit. least 
oommon denominator. Hence fractions may be reduced, 
to their least common denominator by the following 



RULE. 

Reduce the fractions to their simplest form ; then find the 
least common multiple of their denominators^ {by Rule under 
Abt. 41,) which imZ/ be their least common denominator. 
Dwide this denominator by the respective denominators of 
the given fractions ; multiply the quotients this obtained . by 
the respective numerators, and the several products mU be 
the new numerators. 

Bqwat tiie Rule for redocin; fractknu to their least common denomumtor. 
EXAMPLES. 

1. Reduce -fs, -ft-j iij to equivalent fractions having the 
least common denominator. ' 

The least common multiple of the denominators 12, 15 
24, is 120= common denominator. 

New numerator of first fraction -Wx 5=50. 

New numerator of second fraction -Vj-X 7=56. 

New numerator of ,hird fraction ^^-x 11=55. . 
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Hence, the fractions, "v&fhen reduced to their least com< 
mon denominator, become 

50 66 55 

2 Reduce -J- of -f- of -^^ t^, -j^, to equivalent fractiong 
having the least common denominator. 

• Ans. fA, -A^, 1^. 

3. Reduce 3^, 4^, f, to eqij^valent fractions having t^e 
least common, denominator. Ans. -W, ^^^ ff. 

4. Reduce f, t^, -I^, to equivalent fractioni? having the 
leaat common denominator. Ans. \^^ -ftV, ^{^. 

6. Reduce tV, -ft-? ^A? to equivalent fractions having 
the least common denominator. Ans. •^, J^, ^Hf-. 

6. Reduce -J-, -f , 3;}-, and -J-, to equivalent fractions having 
the least common denomineitor. Ans. f^, fj^, V^? e^- 

7. Reduce iV, i, i, -gS-j to equivalent fractions having the 
Ifeast common denominator. Ans. ^jftV? -sViD "iVirj iWV- 

8. Reduce -f , f , f, f-, A> to equivalent fractions havmg 
the least common denominator. Ans. |f , f f, f:f , ff , fj. 

9. Reduce f, •}-, -f, f , -^j x}t) to equivalent fractions 
having -the least common denoijainator. 

Ans. 1^, T^, T^, ^[^, -l^, xfr* 
10*> Reduce -J-, -J-, -J-, -J-, -J-, -J-, i, i, to equivalent ficactioM 
having the least common denominator, 

/i/jy. tT^Tj SfiftOj rsao? TssTTj asToj imrbj TTSnrj tTflV 



, ADDITION OF FEACTIONS. 

43. Suppose we wish to add ^ and f . We know that 
to long as these fractions have different denominators, they 
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cumot be added any more than pounds and yards can h% 
added together. We will therefore reduce them to a com- 
mon denommator. We thus obtain 

Now, taking their sum, we obtain 

3 4_15 , 28_15+28_43_j . 
7'^5 35 "^35 35 35 

Hence, to add fractions, we have this 



k§tm 



RULE. 



kce'^e fractions to a eommon denominator^ and take 
of their numerators^ under which place the common 
or, and it will give thf sum required. 




NoflL—^k labor will be the least when \iSe reduce the fractioitt 
^^SBiifJita^%nimon denominator, 

EXAMPLE& 

1. What is the sum of -J, j, ■}-, and f^ 

These fractions, when reduced to their least common 
denominatdr, are -ft-, -jV> -ft) ^^^ -ftj ^^g s^^ of whose 
anm^ratorB is 6+4+3+2=15. Hence we have 

2. What is the sum of •§■ and i? Ahs, -f^. 

3. What is the sum of -J-, tV, -A- • Ans. -fy* 

4. What is the sum of i, f, t^? Ans, |f = l-fy. 

5. What is the sxmi of -^-, A? -ft ^ Ans.f^ 

6. What is the sum of f , -ft, A? A ? -^«^- H= l+t* 

Notb:— If any of the fractions are compound, they must first be 
Woeed to simple fractions, (by Rule under Art. 39,) 

. 7. What is the sum of i of i of i, i of i, and f ? 

Digitized by VjOOQIC 



90 ELEMENTARY ARITHMB.11C. 

I'hese fractions, when reduced to their simplest forms, 
are -J-, iV, and -f ; which, when reduced to their least com. 
men denominator^ become 

TTj "STj TJ' 

Hence, their sum is 

-• 4+2+9 _15_5 

24 "'24"'8. 

8. What is the sum of i of ^ of +*, ■§ of f of 6,|md J 
of -f- of 3? Ans.^^. 

9. What is the sum of f of f of 8, i of f of -V^'and I 
of 16? Ans, Si. 

10. What' is the sum of i of ^ of f, i of | off, and^ 
of 4? ^ Arts, tV 
X^l 1. What is thei sum of |, f , f, and f ? 

Ans, Vc^=2«f. 

12. What is the sum of i, f, f, f, and ^1 

. Ans. "HisSf 

13. What is the sum of i, f, f , ^V, and ^ ? 

Ans, -H-rrS^. 
— ^ 14. What is the sum of 3i, i of i, -| of f of f, a^d ^if ? 

Ans. ^-=4^^ 
^Sl What is the sum of i of % 4 of f, f of -f-, aadlof 

Vy^ Ans.m=^T% 

16. What is the sum of i, +, f, i, i, i, \,i 7 .- ^, 

Ans. im^^ 

17. What is the sum of 1, i, |, i, i ? 

Ans. '^=m^ 

18. Whatisthesumof|,i,-f.,f; AW, ^^^^m^ 

19. What is the sum of i, i, i, 4, 1, x, ,J^, ^V, iV» iV^ 

20. What is the sum of |, f , f , f , 1, »Ji, | J, 1 J^ ||, || t 
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SUBTRACTION OF FRACTIONS. . 

44. Suppose we wish to subtract + from f. We 
know that so long as these fractions have different de- 
nominators, the one cannot be subtracted from the otha. 
wy more than pounds can be subtracted from yards. Wo 
therefore reduce them to a common denominator, and 
obtain -Jzr-g^ ; ^=-f^. Now, taking their difference, we 
obWp |~j=^— ^=^. Hence, to subtract one firac- 
tion'ftom another we have this 

RULE. 

Reduce the fractions to a common denominator ; sulAract 
the less numerator from the greater^ and place the common 
ienminator under the difference. 

Repeat thii Rale. 

EXAMPLES. 

1. From I subtract f i=i^ ; 1=-A i $.—2=3. 
Therefore we have ^— |=-ft-. 

2. Fiom -J- subtract -J-. Ans, -t. 

3. Prom -J subtract i. Ans, -f. 
i 'ftom ^ subtract \. J^ns, ^spy. 
5 From -4^ subtract ■}-. Ans, f. 
i^ Jrom -^ subtract •^. Ans. -j^, 
S"';From +^ subtract ^. Ans. -f^. 
ft From ffj subtract -f^. . Ans. -f}- 
NoTE.^As in Addition, if either of the fracticpis is compound, il 

■ttt first be reduced to its simplest form. 

9. From i of f of f subtract ^. Ans. t. 

10. From ^ subtract f of if. Ans. ^f. 

11. Prom i of f subtract + of f. Ans. ^. 
12i Pk»j^ 3i subtract 2t. Ans. l^. 
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13. From ^ of f of f , subtract | of f Ans, ^V 

14. Fromf off off off, subtract-} off off off 

Ans. 2f^ 

15. From the sum of |, f, f, f, subtract the sum of j, |, 

16. From the sum of f , f , f, f, f , ^, jj, jj, j J, }4, 
subtract the sum of J, j, i, |, J, *, ^, ^, ^, ^. 

^ ^ Ans. la 

17. Fr6m f of 137 subtract ^ of 317. Ans, 47, 

18. From f of 137 subtract f of 317. iln^. 77 i 

19. From f of 137 subtract J of 317. Ans, 92. 

20. From f of 137 subteact J of 317 An^. lOL 



^» 



MULTIPLICATION OF FRACTIONS. 



4LS. Multiply f by f. 

We know, (Art 89,) that f multiplied by f is the j 
same as f of f . Hence, we must use the same rule as to 
reducing compound fractions. 

Therefore, to multiply fractions^we have this 

RULE. 

Multiply all the numerators together for a new numeratot 
and all the denominators together for a new denominator; 
always observing to reject or cancel such factors as an 
common to both numerators and denominators. 

If any of the factors aro whole numbers, ftey mayba 
made to ta)te the form of a fraction by giving to them I 
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for a denominator, (see Aet. 3S,) 


and then the genei 


rale will apply. 




Wha fa the Rafe fovmnl^iayiiv fimetioMi 




y 




KTAMPT.KS. 




1. Multiply i by iv^ 


Ams. f . 


2. Multiply i by -Jl 


Ans.i. 


3. Multiply i by f . 


Ans,^ 


4. Multiply i by f 


Ans.-fy, 


5. Multiply i, i, i, all together. 


Ans.-^ 


a Multiply t by -If. 





In this example, we cancel the 4 of the nmneratof 
against a corresponding factor of the 16 of the denomina- 
tor; and 5 of the denominator against a ciHresponding 
factor of the 10 in the numerator. Thus : 
2 

4 

Finally, cancelling the 9 in the numerator against the' 
same factor of the 4 in the denominator, we find 

t . 
i *X0 1 , 

$ Xt 2 

2 

T. Multiply the fractions f , f , f. 
2 2 

il ♦ 7 7 
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NoTB.— A litUe practice wpl enable the student to peifcna then 
operations of cancelling with great ease and rapidity. And since, 
as was remarked under Art. 39, it is immaterial which factors are 
first cancelled, the simplicity of the work must depend much upon 
his skill and ingenuity. *> 

8. Multiply together tbe fractions 3nt, 4^, t^. 
Expressing the multiplication, after reducing them, w« 

have * 

7 13 1 

Cancelling the 7 of the nimierator against a part of tfai 
14 of the denominator, we have 

y^l3^ 1 13 t 1 .4 
2 3 M 12 
2 

9. Multiply together the fractions i, f, ^, -J-. Ans, f. 

10. Multiply together the fractions f , f , -J-, -V-. Ans. |. 

11. Multiply together the fractiohs 3+, 4-}-, S-J-. 

Ans. -4^=731. 

12. Multiply together -ft? -fr? f- -Ans- A- 

13. Multiply f by 4. ^iw. ^=1^ 

14. Multiply 7 by f . An* -^^=5^. 

15. Multiply 7i by 3^. . ' Ans. J^=26i. 

16. Multiply 16i by 5, Ahs. ^4^=82^. . 

17. JHultiply the sum of -J-, i,^, •}, by the sum of i, ii 

18. Afultiply the sum of ^ of f , -J of f by the sum of ij 
off, iofi. iln^. ^. 

19. Multiply f of i of f of tS- by ii of f of f 

Ans. fy, 

20. Multiply the sum of 3, 3^, S^, 3-}, by the sum oi^ 
3+, 4i. An^. i4i^= 127fH« 
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DIVISION OP FRACTIONS. 

46. Let lis endeavor to divide f by -f. We know that 
f can be divided by 5, by multipljdng the denominator hy 
61, (see P&op. XL, Aet. 34,) which gives 
4 
7x5 
NoWj since f is but one eighth of 5, it follows that f 
divided by f must give a quotient eight times as great as 
I divided by 6. Therefore, -f- divided by ^ must give 

8 tunes = • 

7X5 7X5 

Fiom which we see that f has been multiplied oy •} 

aflo* it was inverted. 

Henee, to divide one fraction by another, we have this 

RULE. 

Reduce the fractions to their simplest form. Invert the 
divisor, and then proceed as in multiplication. 

If either the dividend or divisor is a whole number, it 
may be converted into an improper fraction having 1 £u 
its denominator. 

Btrpiat tbe Role fiar the Dhriiion of Fraetlom. 
EXAHFLES. 

1. Divide +} by ^. 
inverting the divisor, we have 

12 26 
— X — 

13 4 
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Cancelling, we find 

8 2 - ,« 

— -x— =o- 
Xt 4 

2. Divide i by i. An;?, f = If 

8. Divide, i by-}. Ans. % 

4. Divide f by i Ans, ^=3*. 

6. Divide f by ^. Aiw. -VL=lt. 
a Divide tV by «. Jto^ f 

7. What is the quotient of 4^ divided oy j7|^^' 

• , ' An*, -rtfr. I 

8. What is the quotigit of if dii^ecfby 10 ? Ans. -ft. 

9. Divide i of ^ by i of i. ^ Ans, ^=^* 

10. Divide 3+ of 2i by 4|. An^. -W=lii 

11. Divide i by f of f. An*, f =l| 

12. Divide the sum of f, i, -J, I-, by the sum of 1, i,i 

hi. An*. W I 

13. Divide the sum of % f, f, f, i, J^, U +f, -», H^l 
-.hasumof l,i,i,i,+,i,+,TV,TV,TV,TV. , 

Ans. WAW =4f|tfH I 

14. Divide | off of f of i by f of fof | of i. 

• An*. -V=^J 

16. Divide the simi of 1, 1^, 2|, 3^, by the sum of I 
2j,3i. ' An*. i^=:ltVV. 

16. Divide the sum of 4 of i, ^ of f , by the sum of 4 
,ioft . An*. fHi=liH. 

17 Divide-»of +iof if by + of^ofi. 

18. Divide i of if of i by * of f of 12. 

Ans. "ifi^ 

19. Divide i of f of f of i by i of i of 8. 

Ans. -^i 
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BRCIPROCAIS OF NUMBERS,. 

47. The reciprocal of a number is the result obiained 
by dividing 1 by the number. Thus, the reciprocals of 2, 
3, 4, and 5, are -J, -J-, •}, and •§•. From this we discover 
that the reciprocal of an integer^ or whole number, is equal 
to a vulgar fraction whose numerator is 1, and whose de- 
nominator is the given number. 

The reciprocal of f is foui.d by dividing 1 by f . which 
(ART.46,)isl-^f=lx-f=:-|. 

In the same way wo find the reciprocal of -f to be -f, 
and in general, the reciprocal of a vulgar fraction is tn^ 
ralue of the fraction when inverted. 

Note.— From this, we see that dividing by any number is ki 
effect the same as multiplying by the reciprocal of that nmnber. 
So that Gyrations of division may be included under thos6 of mul- 
tiplication. A practical application of this principle may be seen 
under Reduction of Denominate Fractions. (Art. 89.) 

EXAMPLES. 

1. What are the reciprocals of 7, 8, 9, 10, 11 ? 

• -4.n5. +, +, i, -At, -tV- 

2. What are the reciprocals of 18, 23, and 41? 

^ns. T^, -sVj A-. 

3. What are the reciprocals of -f, f , f, f ? Ans. f , f, •}•, f . 

4. What are the reciprocals of 1-J-, 2^, 3-}-? Ans. iyf^-h' 

5. What are the reciprocals of f of f , f of -f ? 

Ans. i of f , f of f 

48* EXE&CISES m VULOAH F&ACTLOMB. 

It^Reduce -J^ to its lowest terms. Ans. ^ 

2S^ Reduce ^ to its lowest terms. Ans. +. 

Si^ Reduce 4^ to its lowest terms. Ans. f. 

9 
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4. Reduce fff to its lowest terms. Ans, t 

5. Reduce ffff to its lowest terms. Arts, f 

6. Reduce ^^^ to its lowest terms. Ans, m|. 

7. Reduce j|m to its lowest terms. Ans. |J. 

8. Reduce -Hi to its lowest terms. Ms. ||j. 

9. Reduce |m^ to its lowest terms. Ans. A 
IQ. Reduce -HI to a mixed nimiber. Ans. IxJx. 

1 1. Reduce -^^ to a mixed number. * Ats. 7f. 

12. Reduce V" to a whole number. Ans, 8. 

13. Reduce tf to a mixed number. Ans, ^r^. 

14. Reduce ^VV" ^^ «e mixed number. Ans. 2|if. 

15. Reduce Yt- to a mixed number. ^n^. 1^. 

16. Reduce 3^ to an -ftnproper fraction.- Ans. i 

17. Reduce 15|i to an improper fraction. Ans. -W- 

18. Reduce 3^^ to an improper fraction. -^^.Ans. if! 

19. Reduce 1t?t to an improper fraction. ^Ans. \^. 

20. Reduce 10(H-}- to an improper fraction. Ans.^^, 

21. Reduce i of f of -f to m simplest form. Ans, i 

22. Reduce -f of | of -f^ to its simplest fcftrm. Ans, i 

23. Reduce -} of i^- of -ft- of 3 to its simplest form. J^^'A 
%i: lieduce iV of f of ^ of 3i to its simplest fofcu 

25. Reduce f of -^^ of -J- of 100 to its simjple^ form. 

. Ans. goo. 

26. Reduce i, i, •}-, to equivalent fractions having a cffir 
mon denominator. ^n^. -ft-, y^, -^. 

27. Reduce i, i] i> i? i? to^i^nil^ent fractions hat^ • 
common denominator. A!fis, fi, fj, fj , -ff^^ , 

28. Reduce 3+, f, -^Pft, tq^uivalent fractions %5Hng» 
common denominator. > ^ -^^** "H? lij 'Ub 3&" 

29. Reduce i, -^, -f, -^^ to equivalent fractiJ||^nm 
common denominator. Ans, -ft^j -ftVy?" •SWT^^ifc' 
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30. Reduce f , f, ^, ff, to equivalent fractiins haiang 
a common denominator. Ans. fHi> iWtj iittj Hit* 

31. What is the sum of i, i, i? ^w. •}i=lTV- 

32. What is thesum of f , i, f ? Ans. -^=2**. 

33. From a piece of cloth ^ and | of the whole was cut 
iff. What part of the whole was thus taken away? 

Ans. f. 

34. From | siibtract J. Ans. |, 

35. From ^^ subtract -j^. Ans. j\^. 
36 From f subtract f. ^n^, -fy. 

37. A tree 150 feet high had ^ broken off in a stoim. 
What was the length broken off? Ans. 30 feet. 

38. A and. B together possess 1477 sheep, of which A' 
owns f and B -f . How many belong to each man ? 

. i A% 844. 

39. Arowns -^ of a ship, valued at $16422; he -^ells 
to B I of his share. What is the value of what A has 
left; also, what is the value of B*s part? 

. ( A's remaining part is $1402. 
^ ^' I B'spart is $2804 

40. A cotton mill is sold for $30000, of which A owns 
} of the whole, B and C each own •}• of + of the whde. 
How many dollars does each one claim ? 

.["A claims $6000. 

Ans.} B claims $5000. 

. L^ claims $5000. 

41. ^A and B have a melon, of which A owns -f, and B 
i ; C c^rs them one shilling, to partake equally with them 
of thojQQelon, which Wfis agreed to. How must the shilling 
be c^^fied between A anfl B ? - < A must have i of it. 

(B must have -J of it. 

42. A farmer had i of his sheep in one field, ■}- in a 

Digitized by CjOOQIC* 



100 ELEMENTARY ARITHMETIC. 

second field, and the residue, which was 779,in a third field 
How many sheep had he in all ? Ans. 1230 sheep. 

43. If I divide 616 dollars between A, B, C, and D, b;y 
giving A -j of the whole, B -^ of the remainder, C -J- of 
what then remained, and D the balance, how much will 

A had 154 dollars 
B « 165 ^ 



each receive ? 

Ans, 



C « 264 
LD " S3 



DECIMAL ERACTI0N8, 



49. A Decimal Fraction is that particular form of a 
Fraction, whose denominator consists of a unit, followed 
by one or more ciphers. 

Thus : tV, -ft-, -rtrj -ftVj Tfro-j Tiftnrj iflVo - o? &c., an 
Decimal Fractions. 

In practice, the denominators of Decimal Fractions aie 
not written, but always understood. 

The above Decimal Fractions are usually written as 
follows: 01, 0-3, 004, 0-37, 008, 003, 00047, &c. 

The period, or decimal point, serves to separate the 
decimals from the whole numbers. 

The first figure on the right of^he decimal pointy is in 
the place of tenths ; the ^cond figure is in the place of 
hundredths; the third figure in the place of thousandths, 
and so on; the value of the linits of the successive figures 
decreasing from the left towards the right, in a tenfold 
ratio, as in whole numbers. The following table will 
exhibit this. 
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mniERATION TABLE OF WHOLE NUHBEKS AND BECUAIA 

ii li il -I -* 



^^ I 



II H i 

t^il*|l. 

if= 3 Si" 3 «^ S i'e ^ « SM S ss g gS g 

333333333 3 3.3333933333 

This table is in accordance with the French onethod 
of numeration (Art. 6,) where each period of three figures 
changes its name and value. 

Since d^imals, like, whole numbers, decrease .from the 
left towards the right in a ten-fold ratio, they may be con- 
nected together by me?ins of the decimal point, and then 
operated upon by precisely the same" rules as for whole 
numbers, provided we are careful to keep flie decimal pomt 
always in the right place. 

Annexing a cipher to a decimal does not change its 

vdue, because it is the same as multipljdng its numerator 

and denominator by 10. Thus : 0-3=0-30=0-300=&c. 

But prefixing a cipher is the same as removing the decimal 

figures one place farther to the right, and therefore each 

eipher, thus prefixed, reduces the value in a ten-fold ratia 

Thus : 0-3 is ten times 003, or a hundred times 0003. 

0-2 is read two tenths. ' 

0*25 " twenty-five hundredths. 

0-365 ^ three hundred and sixty-five thou* 

sandths. 
01 05 " one hundr^ and five thousand tha 
003 « three himdredths. 
9* 
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01234 is read one 


thousand two hundred and thirty 




four ten thousandths. ^ 


4-3 « 


four and three tenths. 


87-3 « 


thirty-seven and three tenths. 


365-03 « 


three hundred and sixtj-five and thiM 




hundredths. 




&c. 


&c. 


6-4 is the same as ^=ff. ^ 


36-5 


u 


36A=^- 


3605 , 


u 


36t1t=^W^. 


OT 


a 


-iV. 


0-37 


a 


"nnr* 


0123 


u 


tWV. 


0-2345 


a 


iWlftr. 


00101 


u 


101 


lAOOO' 


000012 


u 


1 6 i) 0* 


0-40056 


u 


-iWrfWr. 


400005 


u 


40nr*TT='»iWW. 


1010101 


a 


101tWt=-4*«H- 



A number composed of a whole number and a decimal 
part, is called a mixed number. 



What is & decimal fraction 1 Of what fomi ii the denominator? Give e: 
•f decimal fractions. In practice, which part is not written, bat understood? What 
pnipose does the decimal point «erve? What place is the first figure on the rif ht of 
die decimal point said to oqpupy? What place does th^ second figure occupy 1 
What place does the third- figure occupy 1 In what ratio do tiie Talues decrease ia 
passing to the right? Is the above table in accord&nce with the French or IPr^yiifc 
■Mthod of notati^? Does annexing a cipher to a decimal alter its value? vnat 
effect is produced by prefixing a cipher ? A number whidi is composed of a whob 
Bomber and decimal is called, what ? 

Let the pupil be exercisea in decompoundftig decimalSi 
as we have done in the following 



"^ 



dbyGoOgl 



le 



ADDITION OF DECIMAL FRACTIONS. JQJ 

EXAMPLES. 

The expression, -ffrfj, implies that 7468 is to be divided 
by 1000. Performing the division by the method of Casb 
IV, Art. 30, we obtain 7 for a quotient and 468 for a 
lemainder. So that ■lHf=7-AWr=7-468=7 units, 4 
tenths, 6 hundredths, 8 thousandths, or, which is the 
sanie thing, it equals 7+-Ar-hTfT+TiftrT. 
In a similar manner we find that 

■*M*"=36458-7=36458+T^. 

^WF=3645-87=3645+A+tJt. 

^4^iF=364-587=364+Tfiir+TH+TT?inr' 

. -V«ftW=364587=36+T^+T«T+Tiftnr+Tir^ 

HtW==ii*587==3+A+Tir'+-nft,7+TTFiFTr+ 



TVWft%=0-364587==VV+T*7+TATr+TTr*irT+ 



ADDITION OF DECIMAL FRACTIONS. 

SOm Since decimals, like whole numbers, increase from 
the right towards the leftjthejr may be treated by the 
sanie*rules as for whole numbers, provided we are careful 
to keep the decimal point in the right place, so that like 
ttders may stand under each other. Hence we have this 

I 

*'* . 

Place the numbers so that the decimal points shall be 6$' 

pmctly under each other ; add as in whole numbers. In the 

amount place the poin^ under the points in the numbers 

mdded. r- t 

Digitized by LjOOQle . 

How do 70a place the numbers to be added 1 How, the point in the amount * 
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EXAMPLES. 




(^•) 


(2.) 


• 


ri 


a' 


■^■S 


■^ 


§■§ 


n3 


za ^ 


ands 
eds. 

3. 

edths. 

andths. 

'housan 


01 


S'gcn^-a'iS^ . 


5 -5 -g § CO '^^ 




•^ ca fl o c E3 


3 7 4 112 5 


1-23456 


14 1213 4 6 


2-34^ 6 7 
3-4 W 7 8 


2 3 1 • 2 0. 5 


4 10 0-1016 


4-56789 


3 4 5 6-4312 


5-67800 


15 19-9929 


17-2 8 2 9 


(3.) (4.) 


(5.) 


4123-245 0-43478 


11111 


112 1-35001 


210001 


37004 11 


8-8 


0-20o 33-333 


-9-808 


4161-574 36-21779 


^39-720 



6. What is the sum of 0-123, 0-012, 0-675, 00045 ? 

^ Ans. 0-8145. 

7. What is the sum of 014145, 0-23235, 0-3^^45^ 
045455? Ans. 11718. 

8. Find the swm of 1-0012, 231003, 101-31407, 
10101578. Ans. 135-517148. 
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9. Find the sum of 2341^2, 23-412, 2-3412, 0-23412 
I Arts. 260- 10732. 

\0. 'Wh^X is the sum of 111-111, 12-1212, 13-1318, 
14*1414? Ans, 150-5049. 



SUBTRACTION OF DECIMAL FRACTIONS. 

SVm There is no difference between the subtraction of 
decimals^ and that of whole numbers, provided we are 
careful to keep the decimal points directly \mder each V 
other, so thm^il^ orders may stand under each ^^ 
otlier. Hence this 

RULE. 

JFUxee the less number under the greater, so that the dedr 
mal points shall he directly under each other ; subtract, as 
im whole numbers. In the difference place the point under 
the points of the numbers above. 

How do 70a plact tb« inmb«n in tubtnction 1 Then how do yoa pfooetd t 
EXAMPLES. ^ 



(1.) 


(2.) 


^3.) 


345-345^ 


1245-3478 


345612347846 


54123 


3400122 


479100345 



291-222 905-3356 297702313346 



4. From 1023-4 subtract 99-9. Ans. 923-5. 

5. Fiom 4785 subtract 013047. Ans, 0-34803. 
6 From 011234 subtract 000675. ^«^. 0-10559. 
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MULTIPLICATION OP DECIMAL FRACTIONS. 

•S3. A tenth taken onoe, must give 1 tenth for a pn)* 
'duct ; if taken only one-tenth of a time, the product will 
be one-tenth of a tenth, or one hundredth ; that ki, -|VX 
tV=t^j or decimally expressed 01 x 01 =0'6l. This ig 
evidently true, since if the ^enth-part of any thing be 
divided into 10 equal parts, each subdivision will be a hun- 
dredth-part of the whole. So iV of Thr=TKVirj 'sind so oa 

Multiply. 0-136 by 0*78. If we supply the denominaton 
of these decimal fractions, which denominators are always 
understood, we shall have 

Hence, multiplying tWc by -jftftr, (ART^tJ,) we find 
-VW Xfcftr=i|f^^ =TWftAr=010608. 

From which we see that the number of decimal places 
in the product, always denoted by th^ number of zeros in 
the denominator, which is understood, is equal to the num- 
ber of decimal places in both factors. Hence we have this 

RULE. 

Multiply as in whole numbers, and give as many decimal 
places in the product ai there are in both the factors. When 
there are not as many places in the prodsict, prefix ciphers. 

How do you multiply^ec^als ? How many decimal places most there be in Ite 
product 1 When the whota^ numher of figures in the product ii not as great, how^ 
you proceed? * 



EXAMPLES. 

1. Multiply 0125 by 0-37. 



aPERATIOK. 

0125 
37 

875 
375 



004fe25 
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107 



In this example, the multiplicand has 3 decimal places, 
and the multiplier has 2 ; therefore, by the rule, the product 
must have 5 places, and since the product consists of but 4 
figures, we prefix one cipher before making the decimal point. 

2. Multiply 0-561' by 0-786. 

3. Multiply 3012 by 4027. 
4 Multiply 47051 by 37039. 

5. Multiply 33-33 by 66-66. 

6. Multiply 125-125 by 5--5. 



Ans. 0-440946. 

Ans. 12129324. 

Ans. 1742-721989. 

Ans. 2221-7778. 

Ans. 688-1875. 



53. A decimal number may be multiplied by 10, 100, 
1000, &c., by removing the decimal point as many places 
to the right as there are ciphers in the multiplier ; and if 
there are not sblnany figures, make up the deficiency by 
annexing ciphers. 



Thus, 12-12 multiplied by. 



How may a decimal nomber be multiplied by 10, 100, 1000, &c 1 Wben there ai* 
not as many deeimal figorei in tb« multiplicand aa tboe ate cipben in the mnl t i p liet, 
iww do you proceed 1 



10 1 




r .121-2. 


100 




1212. 


1000 




• 12120. 


10000 


► = < 


121200. 


100000 




1212000. 


1000000 




12120000. 



DIVISION OF DECIMAL FRACTIONS. 

54:* In multiplication of decimals, we know that the 
namber of decimal places in the product is equal to the 
sum of those in both the fAetors. Now, since ihe pwMjuet 
divided by one of the factors must produce the other fac* 
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tor or quotient, it follows, that in division the decimal 
places of the dividend must be equal to the number o( 
places in the divisor and quotient taken together. Hence^ 
the number of decimal plates in the quotient must equal 
the excess of those in the dividend above those in thi 
divisor. 

Divide 5-81224 by 5-432. 

Dividing 581224 by 5432 we find 107 for the quotient 
Since 5 figures of the dividend are decimals, and only 3 
figures of the divisor are decimals, it follows that two 
figures of the quotient 107 must be decimals, so theil 1*07 
is the quotient sought. ' • , 

Hence the following - 'i 

RULE. ' ' '■' ^- • 

" ^'" 
Divide <is in whole numbers ; give as many decimt^plaeei 

in the quotient as those in the dividend exceed thd0yin thi 

divisor ; if iRere are not as many, supply the deficiihcy by 

prefixing ciphers. 

How do you divide one decimal by another % How many decimal placet mint tin 
qaolient have ? If the whole number of figoret in the quotient it aot at gieat ai te 
number of decimab required, how do you proceed 1 



I. Divide 0123428 by 11-8 



OPERATION. 

ll-8)0123428(0-0104a 
118 

542 
472 

W8 ( 

708 

In this example, the dividend contains 6 decimal plieei, I 
and the divisor but 1 ; therefore, by the rule, the <I|l||tint 
ought to contain 5 ; but as there are but 4 figures j^jjln 
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109 



quotient, we make up the deficiency by prefixing* a cipher 
before making the decimal point. 

2. Divide 3-810688 by M2. Ans. 3-4C24. 

3. Divide 0109896 by 0-241. Ans. 045^ 
4 Divide M2264556 by 1 0012. Ans. 11213. 
6 Divide 001764144 by 00018. Ans. 9-8008. 

SS. When there are not as many decimal places in 
the dividend as in the divisor, we may, (by Art. 49,) 
annex as many ciphers to the dividend as we please, if we 
do not change the place of the decimal point. When the 
number of decimal places is the same in both dividend 
and divisor, the quotient will be a whole number. As for 
example, -ft- divided by -ft=3, which is a whole number; 
that is, 0-6 divided by 0-2=3, a whole nimiber. 

Whoi there are not a* many decimal placet kt tho diridend at in the divisor, hem 
doTooproeeed? Whenthenumberof deeiidf} places in the diTidend i« the laiDeaa 
k the divisor, what will the quotient he 7 



6. Divide 244-431 by 1-2345. 

In this example, before 
perfonning the division, 
ve annex a cipher to the 
dividend, so that it may 
hare as many decihial 
places as the divisor has; 
'We then perform this 

7 Divide 122-418 by 34005 

8. Divide 0-7 by 007. ' 

9.'Divide 025 by 00005. 

lO/Kvide 0*125 by O-OOOOO^. 
10 



OPERATION. 



l-2345)244-4310( 198 whole 
12345 numbeK. 



120981 
111105 

98760 
98760 



Ans. 36. 

Ans. 10. 

Am. 500. 

Ans. 25000. 
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Sft« When there is still a remainder, and we wisk a 
more accurate quotient, we maj continue to annex ciplieii 
and to divide as far as we please, observing the rule foi 
placing the decimal point 

11. Divide 20 by 0-003. * 

OFEBATION. 

By Short Division. 003 )20000 

6666-6666 , Scc^ to any extent 

.18. Divide 3r4 by 4-5. 

OPERATION. 

4-5>37-4(8-31111+ 
360 

140 
135 

50 
45 

50 I 

50 j 

45_ 

50 
45 



When, m the quotient, we write the sign + it s I 
indicate that the quotient is still larger than is ^writtttn 

Digitized by VjOOQIC 



FEDERAL MONET. Hi 

It frequently happens, as in this example, that the woric 
will never terminate. 

Wlien there i* itill a Temainder, how may we proceed to obtain a still more aeenrate 
vsloe for the qnotienti What does thetiga -f- at the tight of a quotient indi«U»1 



13 Divide 7-85 by 3-43. * 

14 Divide 0-478 by 0-58. 
15. Divide 0-9009 by 0-4051. 



Ans. 2-2886+. 
Ans. 0-824+. 
Ans, 2-223+, 



S7. We may, obviously, divide any decimal by 10, 
100, 1000, &c.,.by removing the decimal point as many 
plskces to the left as there are ciphers in the divisor; when 
there are not so many figures at the left of the decimal 
point, we may prefix ciphers. 

10 

100 

1000 

10000 

100000 

1000000 



Thus, 12-12 divided by ^ 



r=< 



1-212. 

0-1212. 

001212. 

0-001212. 

000012i2. 

000001212. 



How may we divide a deeimal hj 10, 100, 1000, &o. 1 When in the decimal nom- 
taer there are not as many figures on the left of the deeimal point as there are eiphan 
is Hbm diTMor, how do yon proceedl 



FEDERAL MONEY. 



SSJ This is the currency of the United States. 
Its denominations, or names, are Eagles, Dollars, Dimei^ 
Cents, and Mills. 
Eagles, -j 

Half Eagles, I are coined from gold.* 
Cluarter Eagles, J 

*8mjoC0 at end of the inbjeet of Federal Mom^^^S^^ 



112 BLBMBNTARY ARITHMETIG 

Dollars, 

Half Dollars, 

Quarter Dollars, ^ are coined from silver. 

Dimes, 

Half Dimes, 

HSf'cents, \ "^ "^^^ ^""° ''°'^- 

The Mill is never coined. 

•S9« The gold for coinage is not pure, but conrincs d 
ff of pure gold, -^ of silver, and -jV of copper; or, ai I 
usually expressed, 22 carats of gold, 1 of silver, and 1 of 
copper. A carat being -^ part of the whole. 

The standard for silver is 1489 of pure silver to 179 of 
pure copper; which, in carats, is 21t|^ of silver, and 
2A/Vof copper. 

The copper coins are of pure copper. 

By an Act of Congress, approved January 18, 1837, the 
gold and silver coin was to consist of tWV=-A P^ 
metal, and -iWV=t^? alloy. , The alloy for silver was to 
consist of pure coppeiy and the eMay- for gpld was to con- 
sist of copper and silver, nJ;^v|(^ed thailt the silVer does not 
exceed one half of the whole all6y.' 

The weight of the Eagle was fixed at 258 grains ; the 
weight of the Dollar was to be 4tl2i grains ; that of the 
Cent was to be 168 grains. 

TABLE OF FEDSEjiL MONEY. I 

10 mills m make 1 cent,- ct. 
10 cents " 1 dime, d, 
10 dimes « 1 dollar, f.* | 
10 dol lars " I eagle, E, 

* The symbol $ u nroboblv a combination of tbe letten U. S., writtaa $, toeqiiB 
^ "^ money. _ Digitized by GoOglc I 
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m. ct. 
10= 1 J. 
100= 10= 1 «. 
1000= 100= 10= 1 E. 
10000=1000=100=10=1. 

WkflVB is Federal Monej used 1 What are its denominations 1 Wbtch aie eofaiei 
ioa gold 1 Which from silver 1 Which firom copper 1 Which one is never coined 1 
Wlatmetab are mixed with gold for coining 1 In gold coins, what is the catio <^tht 
copper and silver to the gold? What is a carati What is the standard for ifltv 
eoinst What is the ratio wh«i estimated in carats 1 Is the copper for copper coina 
sho allojed T By Act (^ Congrsss, 1837, what fractional port of gold and silver cointe 
ponmrtall And what part is alloy 1 Of what metal is the alloy for silver 1 Of 
what metals is the aUoy for goldl What is the weight of the Eagle ? What is tha 
veil^of theDoUarl What the weight of the Cent 1 Eepeat the tahle of Federal 



60* Since the different denominations succeed each 
other in a ten-fold ratio, as in whole numbers and decimals, 
it is plain that the preceding rules for decimals are appli- 
cable to this currency. The United States was the first, 
and only government, that adopted the decimal division 
for its currency. It is much to be regretted that they 
did not, at the same time, give the decimal division to 
their weights and measures. Notwithstanding the great 
simplicity of the decimal division, a large number of our 
merchants mark their goods in shillings and pence, and 
some even keep their book accounts in English currency. 
The rates of postage, having been fixed in Federal cur 
rency, will do much towards bringing about its universal 
use in the United States. Federal money ought never to 
be treated as consisting of dififerent denominations, since it 
is by far the simplest and best way to consider its denomi- 
natbns the same as decimals. To make this more clear, 
we will give the following table of Federal Money : 
10* 
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lABU* 

. g I 

8 « s 

B pj © g o -3 Q 
2 '§ 2 °^ o ^ o 

o , jS of O tn 

j5 O o fl . Jd ^ 
•^ OQ *« O <« -ts ts 

^ I § -a g I ^ 

Eh EC Fh D Eh SB H 

4 4 4 4.44 4=$4444, 44 cente^ t millt 

4 4 4.44 4=$444, '44 cents, 4 wills 

4 4.44 4=$44, 44'cents, 4 mills. 

4.44 4=$4, 44 cents, 4 mills. 

0.44 4=44 cents, 4 mills. \ 

0.04 4=4 cents, 4 mills. 

0.00 4=4 mills. 

It is customary, in accomits, to use only dollars, crati, 
and mills, so that eagles are expressed in dollars, and 
dimes in cents. 

In what ratio do the different denomination! of Federal Money decreaie 7 Are ^ 
niei for decimals applicable to thii currency ? Should Federal Money be treatad tt 
^nominate number*? In aceounti, whi<^ denominaticms only'are uied? H9«i 
tten, are Eaglet expreswd 1 How are Dlmei ezprened 1 

Thus : 5 eagles and 6 dollars is the same as 56 dollan. 
4 dimes and 6 cents is the same as 45 cents. 
3 dimes 3 cents and 3 mills is the same as 333 mills 
/ 2 dimes and 2 mills is the same as 202 mills. 
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1 dollar is the same as 100 cents, which is 1000 milla 

2 dollars is the same as 200 cents, which is 2000 milk. 
5 dollars is the same as 500 cents, which is 5000 milla 
7 dollars is the same as 700 cents, which is 7000 mills. 

56 dollars is the same as 5600 cents, which is 56000 

mills. 
365 dollars is the same as 36500 cents, which is 365000 

mills. 
8456 dollars is the same as 345600' cents, which is 
3456000 mills. 

&c. &c. 

From this we see that dollars are changed into cents by 
annexing two ciphers ; cents are changed into mills bj 
annexing one cipher, and dollars into mills by annexing 
three ciphers. 

How lie ddlan changed int» cantsl How ut cents ehanged into millil Howftn 
doDifi dnnied into miUsI 

EXAMPLES. 

1. How many cents in $6? Ans, 600: ' 

2. How many mills in 13 cents? Ans, 130. 

3. Hqw many mills in $4 and 45 cents ? Ans. 4450. 
i How many mills in 75 cents and 1 mill ? 

Ans. 751. 
5. How many cents in $9 and 13 cents ? Ans. 913. 
& HowgoQany mills in $5 and 55 cents and 5 mills? 

Ans, 5555. 
61* If we cut off one figuro from the right of mills, 
which is dividing by 10, (Aet. SO,) the sum. will be 
changed into cents ; if from the right of cents we cut off 
two figures, that is, divide by 100, the sum will be changed 
into dollars; and if from the right of mills we ciitoflf threa 
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figures, that is, divide by 1000, tlie sum will be changeil 
bto dollars. The p^rt sfut off will be a decimal portion 
of the denomination to which the sum is changed. 

H<m may mills be changed to cents) How may cents be dianged to ^oUan 1 Btv 
May DiiHs be changed to dollars 1 

EXAMPLES. 

.. How many dollars in 113 cents? Ans, $M3 

2. How many dollars in 12345 mills ? ins. $12*345. 

3. How many dollars in 1004 mills? Ans, $1*004. 

4. How many cents in 45678 mills 7 

Ans. 4567*8 cents, 

5. How many dollars in 2456405 mills 1 

Ans. $2456-405. 

TABLE 

•r lOIUI VRAOTICNAL PARTS OP ▲ 90LLAB PRBaUBNTLT USBO. 

5 cents =-5V of a dollar. 

6| cents =tV of a dollar. 

8i cents =-i^ of a dollar. 
10 cents =T^ of a dollar 
12i cents =•!■ of a dollar. I 

16f cents =-J- of a dollar. I 

20 cents rr-J- of a dollar. | 

25 cents =■!• of a dollar. 
33^ cents =f of a dollar. 
50 cents =i of a dollar. 
100 cents =1 dollar. 

OS* QUESTIONS WROUGHT BT DECIMALS. 

1. Bought 4 loads of wood; the first contained 0^ 
cords, the second contained 1*03 cords, the third contained 
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0-945 cords, the fourth contained 1005 cords. What did 
the four loads measure? Ans. 3-95 cords. 

,2. In the month of May the amount of rain was 3-15 
inches, in June it was 4-05 inches, in July it was 2-97 
inches, and in August it was 3*0? inches. How much 
lain fell during these four months 7 Ans. 13-2 inches. 

3. During three successive days the mean range of the 
barometer was 29*04 inches, 29-51 inches, and 29-73' 
inches respectively. What is the sum of these heights ? 

Ans, 88-28 inches. 

4. Bought a box of raisins for $1-75, one bushel of 
apples for $0-375, one cheese for $3- 175, one barrel of 
sugar for $15*50. What did the whole amoxmt to ? • 

Ans, $20-80. 

5. A farmer receives $15*375 for a cow, $75 for a fine 
h(»rse, $3 -125 for some potatoes, $5*55 for some poultry. 
How much did he receive in all? Ans. $99*05. 

6. A person bought some velvet for $3-333, some broad 
cloth for $18*75, some silk for 12-50, some cotton cloth fat 
$5*405, a shawl for $12*25, some carpeting for $30*05 
What did the whole amount to? Ans. $82-288. 

7. A person borrowed -$213-375, of which he has paid 
$107*18. How much does he still owe? 

Ans. $106*195. 

8. Bought a cow for $13*25, paid $6-875. How much 
remains unpaid 1 Ans. $6*375. 

9. What will 185 pounds of cogee cost, at $0138 pet 
pound? Ans. $25*53. 

10. Bought 8*375 cords of wood, at $2-50 per cord. 
What did it cost? Ans. $20-9375. 

11. What will 121*5 gallwis of mtolasses come to, at 41 
cents per gallon? Ans. $49-815. 
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12. The length of the Erie Canal is 364 miles, and it 
cost $7143790. What was the avevQ^e expense of one 
mile? Ans. «19625-796+. 

13. The Crooked Lake Canal is 8 miles long, andcort > 
f 56777. How much is this per mile? 

Ans. $19597-125. 

14. In 1842, the whole nimiber of children taught in 
* the district schools of the State of New Yoik was;W890l J 

the whole amount disbursed for cconmon schools was 
$1155419*90. How much was that per scholar? 

An^ $1-929+. 

15. The salary of thft President of the United States is 
$25000. How much iff1li|t each- day? -An^. $68^493+. 

16. In erne rod there are 16-5 feet. How manyjgdsin 
3573 feet? Ans. 2m^5iS40ffm 

17. Bought a farm of 137 acres for $5324AHl^4Wich 
was that per acre ? ^ Ans. $38^+. 

18. If 35 miles of railroad cost $400000, how' much 
was the average cost per mile ? Ans. $ 1 142857-f. 

19: vSui^)ose a carriage wheel to be 12 feet in cijcuni* 

ferelace, how many times will it revolve in passing oayr a 

distance of 100 miles, there being 5280 feet in a'Taali^ t 

-4«^. 44000 times. 
» * 

20. If at each stroke of the piston rod of a locomotive 
engine a distance of 13'25 fqet is passed over, how many 
strokes must be made in passing a distance of 93 n^est 

Ans, 37059-624- times. 

21. In 1845, the revenue or interest »from the School 
Fund of the Static of New York was $86828^96. ■ During 
tlie same year'there were employed 7147 teachers* If the 
above sum were equally divided among those tochers, 
what would each one receive? Ans, $12149+. 
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2^ (n 1844, the whole number of school districts of 
New York was 10990, and the whole number of children 
in said districts, between the ages of 5 and 16 years, wai 
696548. What was the average nmnber for each district ! 

Ans, 63-38, nearly. 

23. In New York, the total number of volumes in the 
11018 scliool district hbraries was 1145250. What was 
the average number for each library ? 

Ans, 103 il4+ folumes. 

24. In one tnUe there are 1760 yards, and in one roc* 
there are 5^=5*5 yards. How many rods in one mile ? 

Ans. S20mdfk 

25. If light passes 191515 miles in a second, how many 
seconds will it require to pass from the sun to the earth, a 
diatftiMJe of 95500000 miles ? Ans. 498-65+ seconds. 

26. If a cubic inch of p«ie water weigh 252*458 gruns- 
a7oiidupois,ft^Rrhich 7000 make 0Q,e pound, what is the 
weight of th^M||tt^ or English gaflt>% which contain^ 
277-2'^4 cubic iS^P? 

\ C 70WI0039492 grains, 
^' ( 10000005 poimds, nearly. 
27 If one Imperial gallon contain 277-274 cubic inches, 
how many cubic inches in 8 gallons or one bushel^ and 
liow many cubic feet of 1728 inches each ? 

^^ i 2218*192 cubic inches, 
' i 1-283, « feet, nearly. 
28. If one cubic inch of pure water weigh 252*458 
pains avoirdupois, how many grains will 1728 cubiS 
Jaches, or one cubic foot, weigh, and how many pom^ 
of 7000 grains each? 

^ ^^.i 436247-424 grains, 

' ( 62-32106 pounds, nearly* 
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29. A fanner sells his butter for $0-21 per pound, ii> 
odving $1613*22. How many pounds did he sell ? 

Ans. 7682 pouilds. 

30. The butter made from the milk of 53 cows during 
the summer, being sold for $0*20 per pound, brought 
$1579-40. How many pounds were sold, and what wai 
the average pr^uce of each cow ? 

. { Amount sold 7897 pounds, 
c Average per cow 149 " 

31. In a dairy of 46 cows, suppose each averages 25 
gallons of milk daily, and that each gallon produces M 
pounds of cheese, how many pounds will be thus made 
5 7 months of 30 days each ? / Ans, 21631*5 poimds. 

32* A farmer sold as follows : 

15127 pounds of cheese, at 6*75 cents per pound, 

400 " « butter, « 15 « « « 

2400 « " pork, « 5 « " « 

53 bushels^ wheat, « 125 « « bushel, 

73 ^ « barley, « 50 ^ " « 

231 " « com, "50 « « . « 

362 « « oats, "30 * « « 

What did the whole amoimt to? Ans. $1497*9225. 

63* To find the value of articles estimated by the 100 

or 1000. . ';; ^ 

♦ 

What is the value of 9425 bricks, at $3*25 per 1000 ? 

Had the j)rioe been $3-25 for each brick',^we"should 
multiply the price per brick by the number" of bricks: 
that is, $3-25 by 9425 ; or, what is the same thii%,^we, 
for convenience^ sake, make the true mult|j^cand the 
multipher, as in the following 
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This value of $30631-25 is evidently 1000 
times too much ; therefore, to obtain the true 
value, we must divide it by 1000, which is 
done, (Art. 87,) by removing the decimal 
point three places to the left ; it will then be- 
come $30-63125. Had they been $3-25 per 

1 30631-25 100, then, instead of removing the decimal 
point three places to the left, we should heve 

removed it two places. Hence we have this 



OPBBATION. 

9425 
3-25 

47125 
1885& 
28275 



RULE. 



Multiply the number of articles by the number expressitig 
the price per 100, or 1000, and from the product cut off txpc 
of the right-hand figures when the articles are estimated by 
the 100, and three when they are estimated by the 1000. 



EXAMPLES. 

1. What is the value of 1300 feet of hemlock boasdi, 
att5-50 per 1000? 

OFEBATION. 

1300 
5-60 



65000 
65 

$ 7-15000 

In this piodtict we sef^ff five figures for decimals ; two 
aceoiding to Art. Sft, and three more because th.e<^rticleg 
are estimated by the 1000. 



11 
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2. What is the value of 675 feet of clear pine stuff, at t2S 
per 1000? Ans, $16-875, 

3. What is the value of 11035 feet of timber, at $2*25 
per 100? Ans. $248-2875. 

4. What is the value of 90422 brick, at $3-75 pet 
1000? Ans. $339-0825. 

5. What must be paid for laying 875 brick, at $3'2J 
per 1000? Ans. $284375. 

6. A. compositor worked nine months, and during that 
time set up at the rate of 7000 m's per day. How man/ 
thousand m's did he set up, reckoning 25 working dajs to 
the month ? and how much did he receive at 15 cents per 
1000 m's ? Ans. 1575 thousand m's. 

$236*25 amount he received 

7. Add together the following fractional parts of a 
dollar: i^, A, iV, iV, h h h h h i' (See Taif» under 
Aet. 61.) ^ ^Ans. ^87A- 

8. A man in balancing his family accouiQr'for one 
year, found his expenses as follows : for January, $98*41 ; 
for February, $81-33; for March, $10228; for April, 
$125*26; for May, $74-38; for June, $73-47; for 'July, 
$65-98 ; for August, $87-21 ^ for September, $70-34; for 
October, $122-08 ; for November, $79-68 ; for December, 
$52-77. His salary was $1050 per annum. What had 
be left at the end of the year ? Ans. $16*81. 

9. A butcher, a shoemaker, and a tailor gave orden on 
each other in the way of their business, and at the end of 
a year settled accounts. The butcher's bill against the 
tailor was $61*84 ; against the shoemaker, $39*44. The 
shoemaker's bill against the butcher was $24 30 ; agaiwt 
the tailor, $19-15. Tho, tailor's bill against thebutditf 
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was $42-07; against the shoemaker, $39-39. Who 
reodved balances in cash ? 

Ans. Butcher received from tailor, $19-77. 

'' «' *< shoemaker, $1514. 

Taitor " ^ " $20-24, 

KwE.— By an Act of Congress passed Feb. 20, J 849, the DoubU 

Eagle and the Gold Dollar were added to the Gold Coins of th« 

United States. The act directing the coinage of these pieces is to 

be in force until March 4, 1851. See Art. 58. • 



DENOMINATE NUMBERS. 

64* A SIMPLE NUMBER Is an expression for a certain 
number of units having no reference to particular things. 
Thus 37 is the same as 37 times one, abstractly con- 
sidered; that is, considered apart from anything that 
units might represent. It does not mean 37 times a 
pound, foot, dollar, or anything else. 

A DENOMINATE NUMBER is an exprcssion for a certain 
number of units having reference to particular things. It 
denominates what tilings are meant. Thus 8 yards is a 
denominate number whose unit is 1 yard ; 8 dollars is a 
denominate nimiber whose unit is one dollar. 

Several numbers of different denominations are fre- 
'laently grouped together, as 6 feet 3 inches. 

All our different kinds of weights and measures are 
denominate numbers. It is much to be regretted that we 
are obliged to employ such a variety of different measures 
when the same end would be accoifl[)lished by one meas- 
ure for weight, and one for each of the three geometrical 
magniiudes, lengths, surfaces and solids,and one for time 
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The French government have adopted such a sjrstem of 
weights and measures, graduated on the decimal scale d 
notation. 

In multiplication, the multiplicand being repeated a cer« 
tain number of times, or a certain fraction of a time, when 
the multipHer is a fraction, it follows that the multiplier, 
considered as a multiplier, must always be regarded as a 
simple or abstract number. And since the product is a 
repetition of 'the multiplicand, it must be like ihe mxlti- 
pHcand ; that is, if the multiplicand is an abstract- num- 
ber, the product will be an abstract number ; if the multi- 
plicand is a denominate number, the product will Ije a 
denominate number of tne same kind. 

In division, the quotient showing how many times the 
divisor is contained in the dividend, or what fy ^ition of a 
time when the divisor is greater than the dividend, it fol- 
lows that the quotient must be regarded as an abstract 
number ; and that the divisor and dividend must be alike. 

Note. — In many cases, however, the process of division isratbe: 
the dividing of a dividend inio as many equal parts as are vndLcaUii 6ji 
the divisor ; in which case, the quotient, expressing the units in one 
of those parts, is of the same kind as the dividend, while the divisor 
is to be regarded as an abstract number. See Example, Abt. §6. 

Wliat is a titnple number 1 What is a denominate number 1 What kind of Bom- 
bers are all our different weights and measures % What is said of the French measonil 
In multiplication, can the multiplier erer be a denominate number % Are fte product 
and multiplicand always alike 1 What is said of the quotient 1 What is said io 
Ihe note 1 

The following are some of the most important tables of 
weights and measures at present employed in thfs coimtiy. 

IfJGLISH MONEY. 

OS. The denomination of English money are Far- 
things, Pence, Shillings, and Pounds. 

The pound sterhng, which was not a coin, but a bank 
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note of 20 shillings, has now gone into disuse, and a gold 
coin, called a Sotiereign^ supplies its place ; but the name 
pound is still given to 20 shillings. 





TABLE.* 






4 


farthings, far, make 1 


penny, 


d. 


12 


pence 


« 1 


shilling, 


s. 


20 


shillings 
far. 
4= 


« 1 
d. 
I s. 


pound. 


£. 




48= 


12.= 1 


£ 





960:^240=20=1 

Note.- -Farthings are sometimes expressed In fractions ol a 
penny, as foljows: 1 farthing=i^., 2 farthings = J rf., S farthings 

Wb&t are the denomination! of English money ? Which denomination ii nevM 
coined 1 What gold coin is equiralent In Talue to one pound 1 Repeat the TaUe. 
How aie farthings sometimes expressed 7 



TROY WEIGHT. 

66* The original of all weights used in England was 
a grain or com of wheat, gathered out of the middle of 
the ear ; 32 of these, well dried, were to make one penny- 
weight, 20 pennyweights one ounce, and 12 ounces one 
pound. ^ But in latter times, it was thought sufficient ^to 
iivide the same pennyweight into 24 equal parts', sti-i 
Jailed grains, being the least weight now in common 
ise. 

Coins, precious metals, jewels, and liquors, are weighed 
)j Ttoj weight. 



* The fbU weight and value (^English gold and si\ 'er coin are as in the suci 
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TABLE.* 

24 grains gr, make 1 pennyweight, pwt 
20 pennyweights " 1 ounce, ot. 

12 ounces ^ 1 pound, Ih 

gr, pwU 
24z= 1 oz. 
480= 20= 1 II 
5760=240=12=1 

What was the original of all weights used in England 1 How was tiM gmm ob 
tained 1 Is it still used as a weight 1 What substances are weighed by Tray 
weight? Repeat the Table. 

APOTHECARIES' WEIGHT. 

67. This weight, as its name would imply, is used in 
weighing medicines in small quantities, as for prescrip- 
tions. But drugs and medicines in gross are bought and 
sold by Avoirdupois Weight. Tne pound and oimc6 
Apothecaries* Weight are the same as in Troy Weight. 



Namb op Coin. 


YALmt. 


Wbiobt. 




£ M, d. 


pwt.gr. 




' A guinea. 


1 1 


6 9i 




Half guinea, 


10 6 


2 16j ^ 


Gold. * 


Quarter guinea, 


0^3 


1 8J 




Sovereign, 


1 6 


5 3,\ 




-Half sovereign, 


10 


2 13W 




' A crown, 


5 


18 4^ 


Silrer.. 


Half crown, 
Shilling, 


2 6 
1 


9 2A 
3 15|SV 


I 


L Sixpence, 


6 


1 19^ 



• This scale of weight^t*** said to have been borrowed originally from 
Fntnca— hence M name. Soibe, however, cotitend that the name hu 
the monkish title given to London, of TWy AVoant 
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TABLE 



20 grains^. make 1 scruple, 3 
3 scruples " 1 dram, j 
1 ounce, f 
1 pound, fib 



8 drams 


► ( 


12 ounces 




gf- 


3 


20= 


1 



60= 3= 1 ? 
480= 24= 8= 1 fib 
3760=288=96=12=1 



Forvliat pnrpoM b Apothecaries' Weight ueed? 
iKNBTroj Weight 1 



Do its pound and 



AVOIRDUPOIS WEIGHT. 



68. By this weight are weighed al things of a coarsa 
or drossy nature, as bread, butter, cheese, flesh., groceries 
and some liqmds ; all metals, except golit and silver. 



TABLE. 



16 drams * dr. make 1 ounce. 



16 oimces " 

28 pounds " 

4 quarters " 

20 hundredweight " 

dr, . oz. 

16= 1 



Ih. 



1 poimd, 
1 quarter, qr. 

1 hxmdred weight, ewt. 
1 ton, T. 

lb. 



256= 16= 1 qr. 
7168= 448= 28= 1 ewt 
28672= 1792= 112= 4= 1 T. 
573440=35840=2240=80=20=1 
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The pound Avoirdupois contains 7000 grains. 

From the preceding table, it will be seen that 112 poundi 
instead of 100, are called one hundred weight. In most 
cases however the hundred weight is taken equal tc 100 
pounds, and 25 pounds, instead of 28, is called a quartet: 
Coal merchants' in buying coal receive 112 pounds for a 
hundred weight, and 20 himdred weight for a ton, meiking 
2240 pmnds ; but they retail it at 2000 pounds for a toa 

What substances are weighed by Ayoirdupois Weight 1 Repeat the Tablai. Bf 
this weight how many pounds make one hundred weight 1 In most eases how —ay 
I make a hundred weight 1 How is coal usually bought and sold 1 



LONG MEASURE. 

69. It is usual, at the present time, to derive the me«tf- 
ure of length from that of a pendulum vibrating once in a 
second of time. The length of such pendulums will vaiy 
for different latitudes, as here given. 



Plaobs. 


liATlTUl) 


Bl. 


LXNOTH XK nrcHBi. 


Equator, 


Qo 0' 


0' 


3901612 


Cape of G. H., 


33 55 


15 


^907815 


New York, 


40 42 


43 


3910120 


Paris, 


48 50 


14 


3912929 


London, 


51 31 


8 


39-13929 


The Pole, 


90 





39-21820 



The French government derive their linear mat erf 

^measiure from one quarter of the circumference of a great 

, circle of the earth passing through the poles. Having 

determined by actual surveys the length of that portion^ 

such a'fcircle comprised bet^^een the parallels of Duukulc 
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and Barcelona, thej deduced its entire length from the 
equator to the pole, and took one ten millionth part of it 
for a metre. This method gave for the French metRi 
39-37079 English inches, equail 3-2809 feet, nearly. 







TABLE. 




3 barleycorns 6ar.*make 1 inch. 


in. 


12 inches 




u 


1 foot. 


fi- 


3 feet 




u 


1 yard, 


yd. 


5^ yards 




u 


1 rod, perch. 


or pole, rd. 


40 rods 




u 


1 furlong, 


fur. 


8 furlongs 




u 


1 mile, 


mi. 


3 miles . 




tc 


1 league. 


L. 


169^- miles, nearly 




u 


1 degree. 


deg. or o. 


in. 


ft. 








12= 


1 




yd. 




36= 


3 


= 


1 rd. 





19S= 16i= 5i= I fur. 
7920= 660 = 220 = 40 = 1 mi. 
63360=5280 =1760 =320=8=1 

Ftom uhat it the measure of length, at the. present time, usually derived 1 Meotioa 
the lengths of the second^s pendulum for the places given above. How do the Frendi, 
ierire theii measure of length 1 How is their metre obtained 1 What is its kogUi 
k English iaches 1 What is the length in feet 1 

Bcfwat the Table of Long Measure. 



* Thin in^juure ha» fMen into disiju, and for small poitlom ef an iaeh, w»«i 
we^ighth, ooe-tffTith, iKnJ tme-yixteenlh. 

t The kicftt measurements give Lba equatorial diameter cf the earth equal to 
7925-048 irtiier, luiri its circtinifereTice ^qual to 34899 milA, which, divided by 360| 
gives tha length of a d^'n^n^o fiD^ in JScs» nearly. The circumference ' corre^wbdiof 
with the equator la niail:^ circulELf, -'hile the circumference passing through the polat 
iselU^c&l. 
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70. CLOTH MEASURE. 

TABLE. 

2^ inches in. make; 1 nail, 



4 


nails 


u 


1 quarter of a 


yardj qr. 


3 


quarters 


u 


1 Ell Flemish, 


E.Fl 


4 


quarters 


a 


1 yard, 


yi. 


4 


qr. H in. 


u 


1 Ell Scotch, 


E.S. 


6 


quarters 


a 


1 ElIEngHsh, 


E,E. 


6 


quarters 


a 


1 Ell French^ 


E,Fr. 


t the Table < f Cloth Meesan. 







SQUARE MEASURE. 

yi. This measure is used for estimating artificers' 
work, such as boards, glass, pavements, plastering, flocw- 
ing, painting, and any other kind of work where length 
and breadth only are concerned. It is always employed 
for measuring land, and for this rekson it is sometimes 
called Land Measure. 

A square is-a figure having four equal sides, and all ita 
angles right^ that is, the sides are perpendicular to each 
other. 

If the length of one of the 
sides is one inch, it is called 
a square inch. If the length 
of one of the sides is one 
foot, or 12 inches, it is called 
a square foot ^ which by the 
adjacent figure we see is 
composed of 12x12=144 
square inches. 

In a similar manner, if we 









1 foo^=W inches. 
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had a square, eacli of whose sides was 3 feet, then it 
would contain 3 x 3=9 Bq. feet^ which is called one square 
yard, since 3 feet= 1 yard. 



'^X 



'fX TABLE. 

144 square inches Sq. in. make 1 
9 souare feet " 1 



9 square feet 

8(4' square jaxdi 

^'^ square poles 



40 

4' roods 
•640 acres 






Sq. in, 
144= 
1296= 
39204= 



Sq.ft. 

1 

9 = 
272i= 



1 square foot, Sq.fi. 
1 square yard, Sq. yd. 
1 square rod or pole, P. 
1 rood, R. 

1 acre, A, 

1 square mile. M. 



Sq. yd. 
1 
30i=l 



39204= 272i= 30i=l 1 R. 
1568160=10890 =1210 = 40=1 
6272640=43560 =4840 =160=4= 



A. 
cl 






In measuring land, Gunter's chain is used ^ its length i0 
4 rods, or 66 feet. It is divided into 100 links. 

7t^ inches make l-link, I ^ 

100 links, or 4 rods, or 66 feet, " ' 1 chain, 
80 chains "1 mile, 

10009 square links " 1 square chain, 

lO square chains " 1 acre, A. 

What me u made of Square Meanira 1 When employed in measuring land, bow it 
ietlled 1 Wbat is a square 1 When a square is one inch on each side how is it 
•>BmI1 When it is one foot or 13 faiches on each side how is it called 1 IVhen it is 
*Myud on each side how is it called 1 Repeat the Table of Square Measure. In 
I^ad Measure, with what aie the sides of the field usually measured 1 How long is 
^chiUat itepeat the Table of Land Measure. 
•" "-"" > i ' ■ ■ — ■ 

^Hie a<9« is in aU eases ^iplied to surface or arte. There is no such thing as an 
i Mt fci^ or ik^Ai^ acre. It is of such a magnitude as not to admit of being 
~^ •nk^Bew form of a square, having the sides exactly determined. Thf 
sttd applicable to tiie rood. * V. r^ \ 
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SOLID, OR CUBIC MEASURE. 

73, This is used in measuring all bodies where we 
nave regard to length, breadth, and thickness, such ai 
earth, stone, timber, &c. 

A Cube is a soHd bounded by six equal squares, resem- 
bling a common tea-chest. 

If the sides of a cube are^ 
each one inch long, it is called 
a cubic inch. If each sid^ is 
one foot, it is called a cubic 
foot If a side is one rod, it is 
called a cubic rod. 

In the adjoining figure wo 
have endeavored to represent 

a cube, each side of which is 3 feet, or one yard, and con- 
sequently it is one cubic yard. 

The top, which is equal to the base, contains 3x3=9 
square feet ; hence, if this was only one foot in hwght, it 
would contain 9 cubic feet; but as it is 3 feet in height, it 
must therefore contain 3 timel 9=27 cubic feet. Hence, 
one cubic yard is equivalent to 3 X 3 x 3=27 cubic feet. 

In the same way one cubic foot is equivalent to 12 x 
12 X 12=1728 cubic inches. 

TABLE. 

1728 solid inches S. in, make solid foot, S.Ji 

27 solid feet « 1 solid yard, S. yl 

•40 feet of round timber or ) 

60 feet of hewn timber / 



1 ton, . Ton. 



128 soUdfeet « 1 cordofwopd, C 

* Atoi of nrand Umber if to much ai, whM hewed, shall nutke 40 eoblo fctt 
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A pile of wood 4 feet wide, 4 feet high, and 8. feet long, 
will make one cord. One foot in length of such a pile is 
sometimes called a cord foot. It contains 16 solid feet; 
consequently 8 cord feet make one cord. 

For what u Solid Measure med 1 Whftt ii a Cube t Kb a cabio yard how mai^ 
ntie feet 1 In a cubic foot how inany cubic inches t How maoy cubic ftet el 
Muad timber make a ton 1 How many of ^ewn timber 11^ How many cubic feel 
>(ln ft cord of wood 1 Explain what ii meant by a cord f<tot. 



• WINE MEASURE. 



73* By this are measured all liquids except beer. 



TABUL 



.4 gills gi. make 1 pint, jjit 

1 quart, qi 

1 gallon, gaV 

1 barrel, hot. 
1 hogshead, IM, 

. 1 pipe, fi, 

1 tun, tun. 



2 pints " 

4 quarts " 
l\\ gallons " 

63 gallons " 

2 hogsheads " ^ 

2 pipes " 

4= 1 qt, 
8= 2= 1 
32= 8= 4= 

.008= 252= 126= 

2016= 504= 252= 

4032=1008= 504= 
8064=2016=1008 



gal 

1 bar. 
31i=l hhd, 
63 =2=1 pu 

126 =4=2=1 tun. 

252 =8=4=2=1 



The.wine gallon contains 25.1 cubic or solid inches. 

Wtet%iid»ai9 measured by Wine Measure ? Repeat the Ti|^e HowmMV 
«*ie inches in the t»inegaUon1 .' - 
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74, ALE, OR BEER MEASURE. 

TABLE. 

2 pmts pt» make 1 quart, 7^* 

4 quarts ** 1 gallon, gal. 
36 gallons " 1 barrel, bcfr. 

li banels " 1 hogshead, hhd, 
pt qt. 
2= 1 gd, 
8= 4= 1 5ar. 
288=144=36=1 AAd 
432=216=54= li=l 

The beer gallon containb 282 cubic or solid inches. 

What ii meannvd by Beer Measure 1 Repeat the Table. How nutey enbie iMkt 
In the beer gallon 1 ^ 

DRY MEASURE. 

# 

75* By this are measured all diy wares, as gnm 
seeds, roots, fruits, salt, coal, sand, oysters, &c. 

TABLE. 



2 pints pt. 


make 1 quart, 


qt. 


8 quarts 


« 1 peck, 


pk. 


4 ^cks 


« 1 bushel, 


bu. 


•36 bushels 


" I chaldron, 


ek 


P*' 


qt 




2= 


1 ph. 




16= 


8= 1 »& 





64= 32= 4= 1 eh. 
23Q4is 1152= 144=36=1 



• In the Xtnited Statei 32 bwhebsl ohaldiwi. , 
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DENOMINATE NUMBERS. 135 

By the English statute the dry gallon must contain 
268t cubic or solid inches. The com or Winchester 
bushel must contain 21501 cubic or solid inch^. This 
measure is of a cylindric form, 8 inches deep and 18^ 
inches in diameter. 

By an act of Parliament, ^hich took efi^t the 1st of 
January, 1826, the imperial gallon of 277-274 cubic inches 
was adopted as the only gallon. This gallon was to 
eonsist of 10 pounds, avoirdupois, of distilled water. 

Note. — If we diride 1728, the rnnnber of cubic inches in one 
cubic foot, by 277274, the number of cubic inches in the gallon, 
we shall obtain 6-2321 for a quotient, which is the number of gallons 
in one cubic foot. Multiplying 6*2321 by 10, the number of pounds 
in one gallon, we obtain 62*321 for the nupiber of ayoirdupois 
pounds in one cubic foot of water. In one avoirdupois pound 
there are 7000 grains, and in 10 ponnds there are TOOOQ- grains. 
But 10 ponnds is thfe weight of one gallon, which contains 277*274 
cubic inches. Hence, dividing 70000 by 277*274, we find 252-458, 
the weight in grains of one cubic inch of water. 

According to the Revised Statutes of the state of New 
York, a cubic foot of distilled w^er, when estimated 
under prescribed circumstances, is to consist of 62^ 
pounds, or 1000 ounces avoirdupois weight. Eight 
pounds of such water is to constitute ' the gallon for 
liquid measure, and ten pounds is to make the gallon for 
dry measure. 

Wliat articles arp measoied by Dry MeaBuie 1 Repeat the Tables How many 
cable tnefaes in the dry gallon, accordinf to the EHflish statute 1 How many cubic 
inches in a bushel % What is the form add dimensions of the Winchester bushel 
measure t How many cubic inches in the English imperial gallon 7 The imperial 
SaHon contains how many pounds of distilled water 1 One cubic foot of water weighs 
how many avoirdupois ponnds 1 How many Troy pounds 1 One cubic inch of 
watei weighs how many grains 1 How many ponnds of water constitute the dry gal- 
lon, aeeording to the Rerised Statutes of New York 1 How many pounds make the 
UfpudfaBon? 

I 
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76. 



TIME. 







TABLE. 






60 seconds 


sec. 




make 


1 minute, 


nw^ 


60 minutes 






u 


1 hour, 


h 


24 hours 






u 


Iday, 


dc 


7 dajrs 






u 


1 week, 


wk 


4 weeks 






u 


1 month, 


mo. 


13 mo., 1 da., 
365 da., 6 hr. 


6hr., 


°1 


C( 


1 JuKanjear,yf 



sec. min. 

60= 1 hr. 
3600= 60= 1 da. 
86400= 1440= 24= 1 wk. 
604800= 10080= 168= 7 = 1 



yr. 



31557600=525960=8766=365J=52i/V=:l 

The true length of the solar year is 365-242217 dtjt 
or about 365 da. 6 hr*48in. 47| sec. 

The civil year is also divided into 12 calendar months 
as follows : 



DATS. 

1 moDthf January, .... 31 

S M February, . . . .28or29 

3 ** March, 31 

4 « AprU, 30 

5 « May, 31 

e " June, 30 



DATl. 

7 month, July, 31 

8 " Auguft, 31 

9 ** September, ... SO 

10 ** Oetober,. . . . . SI 

11 " November, . . 30 
13 <« December, - -JL ' 

If the year exceeded 365 days by 6 hours exactly, then 
once in four years these hours would amount to another 
day. Hence, once in four years, an additional day is given 
to the month of February; and such years are call^ 

Digitized by VjOOQIC 



DBNOMINATB NUMBEBI. 137 

BiBsextile or Leap years. But, since this excess is not 
quite 6 hours, this rule of adding one day to February eveiy 
»burth year is interrupted, and the centennial years, which 
ire not divisible by 400, are regarded as common years.* 

Hence, any year, (except a centennial year,) which if 
divisible by 4, is a Leap year, or consists of 366 days. 

Centennial years which are divisible by 400 are regarded 
as Leap years ; all others are considered as common years. 

1796, 1804, 1808, 1812, 1816, 1820, 1824, 1828, 1832, 
1836, 1840, were all Leap years. 1800, not being divisible 
by 400, was a common year of 365 days ; the same may 
be said of 1900 ; . but the year 2000, being divisible by 400, 
will be a Leap year. 

The number of days in the respective months may be 
iBcalled by recollecting the following versification : 

Thirty dajrs hath September, 
April, Jane, and November- 
All the rest have thirty-one, 
Excepting Febra&ry idone, 
Which has bat twenty-eight in fine. 
Till Leap Year gives it twenty-nine. 

Iflpett the Table for Tiam. VTbat u the length of tbe loltr yetr to the neenit 
maoA 1 What is the more aecurate value in decimals 1 Into how many calendat 
Booths is the civil year divided 1 Repeat tiieir names and the number of days be- 
longing '.• each. How often in general is an additional day added to Febraaryl 
What are soeb years styled 1 Is the rule of counting every fourth year Leap yea? 
flortectl Are centennial years, which are not divisible by 400, Leap years 1 Was 
1890 a Leap year 7 Mention tibe next preceding and next following Leap year to ISOOl 

It is very desirable to be able readily to determine tha 
number of days from any particular date to any other datei 
For this purpose, we will give the following 



* There h still a further modification which takes place at the end of every 1000 
liin, which it is unnecessary to explain in this place. 
12* 
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TABLE, 

■HOWniCI THB NUKBBB OF DATS FROM ANT DAT OF ONB MONTH TO TBI IJJII 
DAT OF ANT OTHER MONTH Of THB 8AMB TBAR. 



Februiby, 

April, 
Mat, 
June, , 

August, 
s september, 
October J 

NOTEMEEB, 



TO mm «ASk S^T Of 



Jul J Fflb- Man Apn'Mny [JaQt.JuIj |A»r-]BBpt-!l Ooi, 



3C5 
334 
306 
21b 



31 
3ti5 
337 
306 



28 
363 
33i 



K(3 Jim %>o* 
245 "^6' 301 
214 tM5 2Ti 
mi 215 ^213! 
153|lHr3l2 



90 

59 

31 

365 

:^b 

3(M 
^T4 



120: 
89 
5] 
30 

331 
30i 



122 

61 
31 



153|181 
ri3 151 

62 



l&l 161,213 
120 150,181 
93123,153 
61 91 12^2 
31 1 GV 92 
365, 301 61 
335 '365 1 31 
301 33-1 3G5 
273 303;331 
213,273:304 



243 273 
2l2'iM2 

18-2 .-21 2 
1511181 
.SI 15llib2,2l2|^^43 



;212;242'273 



iCAli6\.A 



243 273 

212212 

184,214 

153 183 

123 153 

92 122 

62! 92 

31; 61 

3tJ5i 30 

335 305 

3(>1334 

,274)304 



273j503 
345 275 



214 

184 

153 

123 

92 

6L 

31 

3*j5 

335 



As an example, suppose we wish the number of days from 
November 6th to the 15th of next April. We find No- 
vember in the left-hand vertical column, and April at the 
top line of the table, and at the intersection we find 151 
days. So that from November 6th to April 6th is 161 
days ; consequently, adding 9, we find 160 for the number 
of days between November 6th and April 15th. 

This table is constructed on thfe supposition of 28 days 
to February. When there are 29 dajrs in February the 
proper allowance must be made. 



EXAMPLES* 



.. How many days from May 3d to the 4th of the next 
^uly? Ans, 62 days. 
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2. How many dajrs from July 4th to the 25th of the 
next December? Arts. 174 days. 

3. How many days from March 21st to the 23d of the 
nest September? Ans, 186 days. 

4. How many days from September 23d to the 21st of 
the next March ? Ans, 179 days. 

5. How many days from June 21st to the 22d of the 
next December ? Ans, . 84 days. 

6. How many days from December 22d to the 21st of 
the next Jime? Ans. 181 days. 

7. How many days from March 21st to the 21st of the 
next June? ^tu. 92 days. 

8. How many days from Jan. 13th, 1848, to September 
17th of the same year ? Ans, 248 days. 

CIRCULAR BCEASURE, OR MOTION. 

77. By this is estimated Latitude and Longitude, and 
the motion of the heavenly bodies which appear to move 
in circles. Every circle, whether great or small, is divided 
into 360 degrees. 

TABLE. 

60 seconds " . . . . make 1 minute, ' 

60 minutes ' " 1 degree, ^ 

30 degrees ^ 1 sign, s. 

12 signs or 360^ . . . ^ * 1 circle, or. 

" / 
60=s 1 o 
3600= 60= 1 s. 
108000= 1800= 30= 1 cr. 
1296000=21600=360=12=1 
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140 ELEMBNTARY ARITHMETIC. 

The sun appears to pass completely aiound the earth 
in 24 hours, that is, it appears to move westward ove. 
360° of longitude in 24 hours. Consequently, in one hour 
it will move over -^ of 360°= 15° of longitude. Hence, if 
the difference in the longitudes of two places is 15°, it 
will he noon at the more easterly place, just one hour 
before it is noon at the other place. And in all oases, the 
difference in time of any two places wiiybe at the rate of 
one hour for every 16° of longitude between the two 
places. As an example, suppose the city of Washington 
to be 77° west of Greenwich : it is required to find what 
time it is at Washington, when it is noon at Green- 
wich. 

Dividing 77° by 15° we have 5 -^ for the number of 
hours difference in time, that is, 5h. 8m. And as the ap- 
parent motion of the sun is westward, it must be earlier at 
Washington than at Greenwich. Therefore, when it ifl 
noon at Greenwich, it is 5h. 8m. before noon at Wash- 
ington ; that is, it is at Washington 6h. 62m. A. M. 

What uie it made of Circular Motion 1 Into how many degrees are aU dicki 
rappoied to be divided 1 Repeat the Table. Over how many degrees of toofita^ 
does the ton appear to move in Si4 hours 1 Over how many degrees io 1 hoort 
What is the difference of time correspmiding to 77^ 1 When it is noon at GieaBviA 
what time is it at Washington, 77^ west of Greenwich ? 

78. Measures, &c., not included in the foregoiof 
tables. 

6 points make 1 line i used in measuring length of 
12 lines ^ 1 inch f clock pendulum rods. 



4 inches « 1 hand ^ «sed in jneasuring the height 
I of horses. 

i in measuring 
)a. 
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12 individual things make 1 dozen. 

12 dozen . . . . " 1 gross. 

12 gross ** 1 great grcBS. 

20 individual things ^ 1 score. 

24 sheets of paper . ^ 1 quire. 

20 quires " 1 ream. 

• 12 pounds . . . . ^' 1 quintal of fish 

20C « " 1 barrel of pork or beef. 

196 << ....** 1 barrel of flour. 

Reptat Um abor* tablet. 

BOOKS. 

79« A sheet folded into two leaves is called a folia 

^ folded into four leaves is called a quarto, 
or 4to. 

*< folded into eight leaves is called an oc- 
tavo, or 8vo. 

" folded into twelve leaves is called a duo- 
decimo, or 12mo. 

^ ; folded into eighteen leaves is called an 
18mo. 

When a tbeet !• folded into two leavM what it it ealled 1 How eaOed when folded 
into firar leaves 1 How, when folded into eight leaveel How, when folded into 
tweira leavee 1 How, when folded into eighteen leaves 1 



REDUCTION. 



84k<; Reduction is the changing of numbers from one 
name os denomination to another, without altering their 
valiie. 
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142 BLBMBNTAHY ABITHKBTIC. 

When the denominations are to be reduced &om a 
higher denomination to a lower, it is called Reduction 
Descending ; but when they are to be reduced frcrai a lower 
to a higher denomination, it is called Reduction Ascending, 

REDUCTION DESCENDING. 
Let it be required to reduce £7 5s. lOd. Zfar, to farthinga 

OPERATION. 

7 the number of pounds. 
Multiply by 20, the number of shillings in one pound. 

140 product in shillings. 
Add 5 shillings. 

145 the number of shillmgs. 
Multiply by 12, the number of pence in one shilling. 

290 
145 



1740 product in pence. 
Add 10 pence. 

1750 the ntimber of pence. 
Multiply by 4, the number of farthings m one penny. 

7000 product in farthings. 
Add _Z farthings. 

7003 4he nimiber of farthings sought 
From the above operation, we readily deduce X\m general 

RULE. 

Multiply the number in the highest denommation hy ikt 
number indicating haw many rfthe next loujer mak9 one m 
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KSDUCTION OT DENOMINATE NUMBERS. 143 

that higher; to this product add the number , if any, belonging 
to this lotoer denomination ; we shall thus obtain an equivch 
lent value in the next lower denomination^ 

II. Proceed in a similar way for all 'the successive de- 
nominations ; the lait result will he the number sought. 

What ia Bednctionl When is it eaUed Deicendiogl And when Aacendiof 
R«peat the rale for Bednetion Deioending; 

REDUCTION ASCENDING. 

81* Let it be required to reverse the last example, that 
is, to find the number of pounds, shillings, p^ice, cmd 
farthings, in 7003 farthings. 

We must obviously perfonn a reverse operation to that 
performed imder Beduc^cm Descending. 

OPERATION. 

far, 
4 )7003 

1750 J. Zfar. remainder. 

d, s. 
12)1750(145 
12_ 

65 

IL 

70 
60 

lOd, remainder 

s, 

2|0)14|5 

£7 5s. remainder. 
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144 ELEMENTARY ARITHMETIC. 

Collecti|ig results, we have 7003 farthings, equivalent 
to £7 5^. 10^3 /ar. 

EXPLANATION. 

First, we divide the number of farthings, 7003, hy 4j 
because 4 farthings make one penny ; the quotient is 1750 
pence, and 3 farthings remaining. 

Secondly, we divide the number of pence, 1750, by 12, 
because 12 pence make one shilling; the work being per- 
formed by Long Division, we get for the quotient 145 shil- 
lings, and 10 pence remaining. 

Thirdly, we divicfe the number of shillings, 145, by 20, 
because 20 shillings make one pound ; cutting off the ci- 
pher from the right of 20, and the right-hand figure from 
the dividend, (Art. 30,) we perform the work by Short 
Division, and obtain the quotient, 7 poutds, and 5 shillings 
remaining. 

We may, therefore, deduce this general 

RULE. 

/. Divide the given number by as many of its denomina- 
tion as make one of the next higher ; writedown the quotient 
and remainder, if any. 

II, Divide the quotient by as many of its denonunatum 
as make one of the next higher; write this new quotient and 
the remainder as before, 

III. Proceed in this way through all the denominations te 
the highest, and the quotient last found, together toith the 
several remainders, if any, mil give the value sought, 

lUpMt the Rul« for Rcdoction Ascending. 
y 
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KBDirCTlOK OP DENOMINATE NUMBERS 145 
EXAMPLES. 

I. In £47 5s, 2d. I far., how many farthings f 

I 

i OPERATION. 

£47 5^. 2d. \far. 
JO 

945 shillings. 
12 

1892 
945 

11342 pence. 
4 

45369 farthings. 

I In 118667 farthings, how^many pounds, shilfingr 
pence, and farthings ? 

OPERATION. 

far. 
4 )118567 

29641 3 farthings. 
d. s. 
12)29641 v2470 
24 

"56 

84 

?i 

1 penny. 
2|0)247|0 

£123 lOshilhngs. 
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146 BLEMBMTAEY* ARITHMETIC. 

Hence, 1 18567 farthings are equal to £1^3 10*. Id. Zfm 

3. Reduce £75 to shillings. Ans. 1500t. 

4. Reduce I9s, 6d. tc pence. Ans, 234dL 

5. Reduce 15*. Zd. 2 far. to farthings. Ans. 734/ar. 

6. In 48926 grains, Troy Weight, hovr many poundi, 
cvnces, pennjrweights, and grains 9 

Ans. Sib. 5oz. ISpfJot \Agr. 

7. In 3605 pennyweignts, how many pounds, ounca, 
and pennyweights 1 Ans. 15/5. Ooz. ,5pwt. 

■8. In 1000 ounces, Troy Weight, how many pounds and 
ounces 7 Ans. Sdlb. Aom. 

9. In 4Z&. 6oz. I3pwt. 5gr. how many grains 1 

Ans. 26237^. 

10. In 100Z&. 1^. how many grains ? 

Ans. 576001^. 
11 In 4 ib 5 f 1 3 how mtoy drams ? Ans. 425 j. 
l*i. In 1000 grains, Apothecaries' Weight, howmanj 
ounces, drams, scruples, arlfl grain*? Ans. 2f O3 23. 

13. lii 11521 grains, Apotheoarifes' Weight, how manj 
poundslff Ans, 2fe 0? O3 3 Igr. 

14. In 8/3450 dmms. Avoirdupois Weight, how nwinj 
tons? Ans. IT. lOcwt. Iqr. 2Slb. Uoz. lOdr. 

15. Reduce 5cwt. 2Ub. ioz. to ounces. 

Ans. 9300 ounecs. 
16 Reduce IT. Ictot. \dr. to jrams. 

Ans. 602113 drami. 
IT. Reduce 856702 drams to tons. 

Ans. IT. 9^t. 3qr. Ulb. 7oz. 14*. 

18. In 4355 inches, how many yards ? 

Ans. I20yds. UfL lln. 

19. In 248 miles, how nacuiy inches ? 

An.s. 15713280 inches. 

Digitized by VjOOQIC 



•^ 



REDUCTION OP DENOMINATE NUMBERS. I47 

20. How many inches in 360 degrees of 69| miles to 
eadi degree, which is the circumference of the earth, 
nearly. Ans. 1577664000 inches. 

21. In 12121212 barleycorns, how many miles? 

Ans, 63mt. 6/^^ 6rd Oyi 1/i. 4iji. 

22. Reduce 12 Ells Frencbtb nails* Ans, 288 nails. 

23. Reduce 11 Elk English, 3 quarters, to quarters. 

Arts, 68 quarters. 

24. Reduce 10 EMs Flemish, 8 quartersj^ 1 nail, to nails 

Ans, 133 nails. 

25. Reduce 4 yards to quarters. Ans, 16 quartera 

26. In 1000 nails, how many yards ? Ans. Q2yds, 2qr. 

27. How many inches in 6 yards, 3 quarters ? 

Ans. 243 inches. 

28. How many square inches in 10 square feet ? 

Ans, 1440 square inches. 
26. In 3 square miles, how many square rods or poles f 

Ans. 307200P. 
80. In 3 acres, 27 rods how many square feet ? 

Ans, 138030f square feet. 
3L In 26025 square feet, how many squate roods ? 
Ans. 2R. 15P. 161^ ^g'.^ 

82. In 70000 square links, how many square chains ? . 

Ans, 7 square chains, 

83. How many square links in 5 acres ? 

Ans, 600000 square links. 
14. In 17 cor(is of wood, how many cubic feet? 

Ans, 2176 cubic feet. 
•5 L:i 17 tons of round timber, how many cubic mtSiie§ I 

Ans. 1175040 cijbk^ inches. 
36. Reduce 17900345 cubic inches to tons of hewn-tim- 
leu Ans. 207 Tons, 8 cubic feet, 1721 cubic inches. 
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37. In 1000 cord fe^. of wood, how many cords ^ 

^ Ans. 125 cordi 

38. In 19 cubic feet, how many cubic inches 1 

Ans. 32832 cubic inches 
89. In 16 hogsheads of wine, how many gills ? 

Ans. 32256 gills, 

40. In 10000 gills of wine^ how many barrels 1 

Ans. 9 barrels 29 gallons. 

41. Reduce 2 pipes, 7 barrels, 3 quSrts of wine, to {nnu 

Ans. 3786 pints. 

42. Reduce 31752 gills of wine to barre'is. 

Ans. 31 barrels, 15 gallons, 3 quarts. 

43. Reduce 201600 gills to tuns of wine. 

Ans. 25 tuns. 

44. Reduce 1 1 hogsheads of beer to pints. 

Ans. 4762 pints. 

46. In 100000 pints of beer, how many hogsheads? 

Ans. 1131 hogsheads, 26 gallons. 

46. In 10 hogsheads, 1 quart,^ 1 pint of beer, how many 
pmts 1 Ans. 4323 pints. 

47. In 36 bushels how many pints 1 Ans. 2304 jnnts. 

48. In 25 chaldrons 29 bushels, how many quarts 1 

Ans. 29728 quarts. 

49. In 10000 pints, how many chaldrons 1 

Ans. 4cA. 12^ IjhL 

50. In 1597 quarts, how many bushels? 

Ans. 49bu. 3pk. 5qf, 

51. In 30 days, how many seconds ? jin^. 25920M jm. 

52. In 19 years of 365^ days each, ho^ many hour 

* Ans.i^Q55ihQm 

53. In 25 years 6 days, how inany secontls ? 

^— V Ans. 789458400 seconda 
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54 How many days frqin the birth of Christ to Christ- 
mas, 1843, allowing the years to consist of 365 days 6 
hours? Am, 673155 days 18 hours. 

55. A person was bQ|^|^y 3, 1795. How many dayi 
old was he May 3, l^flH^aying .particular attention tc 
the order of leap year 1 ^' Ans. 9496 days. 

56. Suppose a person was bom February 29, 1796; 
how many birthdays will he have seen on February 29, 
1844, not counting the day on which he was bom ?• 

Ans, 1 1 birth-days. 

57. In 3 signs 18 degrees, how many seconds ? 

Ans, 388800". 

58. In 6 signs 9 degrees, how many degrees ? 

Ans. 1890. 

59. In 1000* how many degrees ? Ans, 16o 40'. 
6e. In IMOO" how many degrees ? Ans. 2P 46' 40''. 

61. Reduce 45° 46' 35" to seconds. Atw. 164735". 

62. In 1000 things, how many dozen ? 

' Ans. 83 dozen and 4 over. 

63. How many buttons in 6^ dozen ? 

Ans. 76 buttons. 

64. In 80000 tacks, how many gross 1 

Ans, 555 gross, 6 dozen and 8. 

65. In three scoye and ten years, how many years 1 

Ans, 70 years. 

66. ^ 15 quires of paper, how many sheets ? 

^71^. 360 sheets. 

67. In a ream of paper, how many sheets 1 

Ans, 480 sheets. 

ft mail be neollected that the year 1600 waa a common year, having no 29Ch ad 

13* .-; 
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d. far. 


6 5 


3 1 


7 1 


.0 2 


1 13 


5 


4 18 


2 



£19 18^. Id, Xfist. 
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ADDITION OF DENOMINATE NUMBERS. 

8SB. If we wish to find the sum of £6 5*. 3d 1 jof 
£7 U. lOi. 2/ar., £1 13^. 5i., £4 18^. Orf. 2/ar., we pro 
oeed as follows : 

Placing the numbers of the same operation. 

denomination directly under each 
other, we add up the column of far- 
things, which we find to be 5. But 
we know that 5 farthingg are equiv- 
alent to 1 penny and 1 farthing; 
we therefore write down the 1 far- 
thing under the column of farthings, 
and carry the penny into the next column, whose sum 
thus becomes 19 pence, which is the same as 1 .shilling 
and 7 pence ; we write down the 7 pence under the col- 
umn of pence, and carry the shilling to the column of 
shillings ; whose sum then becomes 38 shillings, which 
is the same as 1 pound and 18 shillings ; we write down 
the 18 shillings imder the colimin of shillings, and cany 
the pound into the column of pounds, whose sum then 
becomes 19 pounds ; and since pounds is the highest de- 
nomination, ;w^e write down the whole. 

From this example we may deduce this general 

RULE. 

/. 'Place the numbers so that those of the same donomuuh 
hon may stand directly under each other , and draw a Um 
beneath them. 

IL Add the numbers in the lowest denomination , d^tnie 
tfifiir .sum by the number expressing how many it takes tf 
such denomination to make one of the next higher Write 
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the remainder under the eohmn added, and ca^fy the quo* 
tieiU to the next column ; which add as before. 

Ill, Proceed thus through all the denominations to the 
highest^ whose sum must be set down entire. 

How do jon plaeo danomiiutte nmnbeit which az« to b*Bdded? Which do y«« 
h*t idd t Haying added the oolvmn of lowwt dMiomiiuUiont| explain the lubM^oMl 



BT^irpf j ifi^i , 



£ s. d. 






7 13 3 


£ s. d. 


£ s. d. 


3 5 lOi 


11 5i 


5 5 5 


6 18 7 


2 4 4 


8 1 7f 


2 5i 


5 6i 


2 li 


4 3 


1 3 4 


13 llf 


17 15 4i 


10 10 10 


6 6 6 


39 15 9f 


25 4 5f 
TBOy WKI6HT. 


34 14 8 


lb. ox. ptot. gr. 


lb. Mr. pwt. gr. 


lb. oz. pwt gr. 


10 10 10 10 


6 5 4 1 


7 3 5 


2 23 • 


1 11 19 13 


11 2 17 22 


3 17 


3 4 


40 20 


2 2 10 


8 9 12 


2 10 15 17 


1 2 20 


4 4 19 


6 18 16 


17 3 12 5 


21 10 8 20 
iEOARIES' WEI( 


61 11 13 8 


Apon 


JHT. , 


* f 3 a ^. 


ft 5 3 


3 3 . a *r. 


8 10 7 2 19 


2 11 6 


1 18 


10 6 10 


10 8 3 


1 2 1 15 


12 1 15 


14 10 2 


2 3 2 13 


6 12 1 15 


6 5 


4 


8 5 1 13 


•7 5 4 
36 6 5 


1 6 17 


J2 3 2 12 


1 18 13 
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T 


AVOIRDUPOIS WEIGHT. 


ten. ewt, qr. lb, og, dr. 
10 18 2 25 15 1 

1 15 14 15 
12 1 3 10 

13 27 1 11 

2 2 2 7 8 




ewt. qr. lb OB. 

4 3 20 5 

5 12 3 
12 8 

3 25 13 

1 2 20 10 


27 9 3 


1 .7 13 


lSU 


14 23 7 
RE. 




LONG UEIi 


L, mi, fur. rd. yd. 

1 2 6 37 4 
6 30 5 
14 3 

2 110 

3 2 25 1 




rd. yd. ft. in. 

10 4 2 8 
13 5' 
8 2 16 
110 4 
2 19 


14 


5 15 2 




22 3 8 




CLOTH MEASURE. 


fd. qr. no. 

15 1 2 

13 3 

20 2 2 

3 

8 1 1 


E.Fl. qr. na, 
3 2 3 

15 1 2 
9 2 
8 1 

10 


E. E. qr\ nd. 
4 2 2 

»io a 1 

9 2 
13 ,0 2 
15 1 1 


58 1 


47 


2 


52 2 2 




SQUARE MEASURE. 


Sq.yd. Sq.ft. Sq. in. 

100 ^ 8 130 

50 100 

10 5 

a 143 

13 21 ^ 8 




M. A. HP. 
100 1. 30 

10 600 2 10 
8 40 1 12 
3 2 
4' 4 20 


175 1 


» 93 


Dig 


23 106 34 
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ADDITION OF DENOMINATE NUMBERS. 15^ 
SCUD, OR CUBIC MEASURE , 



S. yd. S. fi. S. in. 
4 26 1000 


C. fif. ft. 
10 120 


C. 
3 


Cvfdfi. 


1 10 1541 


8 100 


10 


4 


20 80 


2 80 


12 


^ 


10 ^ 17 11 


119 


8 


6 


8 25 59 


12 6 


15 


3 , 


26 18 963 


35 41 
S MEASURE. 


50 


5 


.^ WIN] 




khd, gal dt. pi. 
4 30 ,S 1 


tun. pi. hhd. 
1 1 1 


gcH. at. pt. g%, 
37 3 1 3 


10 25 1 


10 


50 


1 2 


25 2 


11 1 


13 1 


1 


60 1 


4 1 


25 2 





13 45 3 


8 1 


18 


1 3 



54 36 1 I « 36 1 19 1 1 



ALE, OR BEER MEASURE 



hhd. gal. qt. pt. 
2 50 3 1 


bar. gal qt. 
10 30 1 


10 30 1 a 


6 20 


11 25 1 ' 


1 5 2 


25 1 1 


10 3 


6 52 3 1 


4 35 1 


66 52.1 1 


33 19 3 


DRY MEASURE. 


cA. hu. ph. qt. pt. 
1 30 3 7 1 


hu. ph. qt. pt. 
10 1 1 1 


35 2 3 


2 3 6 


10 19 1 1 


5 2 3 


5 10 2 4 


8 1 


4 4 5 1 


15 2 4 


22 28 2 4 1 


42 1 7 
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TIME. 



da. 


hr. 


^ 


sec. 


tt^ifc. 


cfo. 


Ar. m. ^tfc: 


15 


18 


49 


1 


2 


13 40 30 


1 


13 


59 


59 


2 


6 


10 8 3 


4 


23 





2 





5 


22 55 45 


10 


11 


1 


4 


2 


3 


4 1 15 





2 


10 


15 


1 


2 


4 5 



32 21 2 9 



8 6 6 50 33 



CIRULAR MEASURE, OR MOTION. 



er. 

1 

1 




. p o / // 
8 25 40 35 

11 1 2 43 
0.29 59 
110 13 5 
2 5 4 3 


s. ' • 
^ 1 25 2 
18 50 
2 6 39 
4 4 
4 15 10 

, 9 8 45 


' It 

13 10 19 

1 40 35 

2 48 39 
30 40 

10 45 45 


£ 


11 59 26 


28 55 58 



SUBTRACTION OF DENOMINATE NUMBERS. 

83. If we wish to subtract £15 13^. lOrf. fromdSSO 
5*. 8df., we proceed as follows : 

OPERATION. 



£ s. d. 

.20 5 8 

15 13 10 

4 11 10 



We place the numWs of the subtrahend 
directly under the numbers of the same 
denomination in the minuend, and diav a 
line underneath. Commencing with the 
pence, we see that we cannot subtract \Qi 
from 8d. ; we therefore increase the Sd. by 
12(2. making 20d. ; then subtracting lOd. from the 20J., 
we have the diflference 10 J., which we write under the 
column of pence. Having added 12 J. to the nainuendjWe 
must equally increase the subtrahend, which we do by 

Digitized by VjOOQIC 



flL'BTRACTION OF DENOMINATE NUMBE&S. 155 

adding I^. (the ^ame as the i2d.j) to the 13^., making 14^. 
ITiis cannot be subtracted from 5^. ; we therefore increase 
Qie 6*. by 20^., making 25^. 'Now, subtracting 14^. from 
25^. we have 1 li., which -^e i^rite under the column of 
ihillings. Before subtracting the pounds, we add £\ tc 
;ffl5 to compensate for the 20^. added to the 5^., and thee 
Bay jei6 from j£:20 leaves £A. 

Note. — It will be seei) that fbis process is similar to that Id 
the "shorter and more practical" example of simple sabtractioni 
(Art. 12.) But the preceding subtraction might be also per- 
fomied as in the second example of simple subtraction. 

Hence, we have this general 



RULE. 

/. Place the less number under the greater^ so that the 
same denominations may stand under each other; draw a 
line below them. 

II. Begin at the right, and stthXract each number in the 
lower line from the one directly above it, and set the re^ 
nrnnder below. 

III, If any number in the lower line is greater than the 
CM above it, add so many to the upper number as make one 
of the next higher denomination ; then subtract tk^ lower 
mtmberfrom, the upper one thus increased, and set dotdn the 
remainder. Carry 1, expressing the increctse of the uppet 
line, to the next number in the lower line ; after which sub- 
Ir^ this number from the one above it, as before ; and thus 
fngeed tiU all the numbers are subtracted. 

PROOF. 

If the work be right, the difference added to the sub*' 
trahend will equal the minuend; as in simple subtraction. 
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T, dot, qr. lb. oz, dr. A. R. P 

13 18 1 20 13 69 3 25 

10 3 21 12 10 38 

3 17 1 26 4 13 59 2 27 

^ ? Z ^ gr. X. mi.fitr, rd. 

2* 7 2 1 16 16 2 7 39 

16 10 3 2 17 . 5 7 8 

7 8 6 1 19 11 2 31 



E. Fr. qr, na. ch, bu, ph. qt. pt 

10 5 30 10 1 1 

5 18 10 8 8 6 1 





5 


3 1 


20 1 1 2 1 




tun, pi. 

10 1 

1 0. 


hhd, gcd, qt. 
1 50 1 
60 3 


da, hr, m. su 

100 10 1 
60 40 45 




9 1 

yr, mo, 

17 8 

4 1 


52 2 

wh, da. 
3 1 
2 6 


40 9 19 16 




' mi, fur, rd. 
60 
40 7 39 




13 7 


2 


19 1 


c, 

45 
10 


S.ft, 
126 
127 


C, Cord ft, £ s. d, 

100 6 50 1 

80 7 30 10 10 


34 


127 


19 


7 19 9 3 



84« EXERCISES IN ADDITEON AND SUBTRACTION. 

1. Bought 20 yards of broadcloth for i: 18 5s. 3i. 30 
^unds of feathers for £B 2s, id., 100 yards carpeting for 
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SUBTRACTION OW DBNOMINATE NUMBERS. I57 

£^ I7s. ScL, 10 pieces of cotton cloth for £S 18*. lii, 
50 yaJds of calico for £2 Or. lOd. What was the cost ol 
the whole ? Ans. £83 is. 2d, 

2. Bought four hogsheads of sugar, weighing as fol- 
lows: 1st weighed Sewt Iqr. 23tt. lOoir. ; 2d weighed 
doDt. 2qr. Olb. doz. ; 3d weighed lOcw^. 0^. Olb. Soz. ; 4th 
we^ed Sctot. Sqr, 27lb, How much did the four weigh % 

Ans, dQcwt 3qr. 23/6. 5oz, 

8. A man owns three farms ; the first contains 69 acres, 
3 roods, 10 rods; the second contains 100 acres, 5 rods; 
the third ccmtains 150 acres, 2 roods. Ho*«r many acres 
are there in all ? Ans. 320A. IR. 16P. 

4 Suppose a note given August 3d, 183S, to be paid 
Norember 10th, 1843. Howlong was the note on iqterest^ 
if we count 30 days to the month 1 and how long if the 
time is accurately computed? 1st Ans. 5yr. 3mo. 7 da. 

2d 4iw. 1925 days. 

5. A person buys l5ctDt. Sqr. 20/6. of sugar, and selhi 
lOcttrf. Oqr. I lib. How much remains unsold? 

Ans. 5cwt. 3qr. 9/6. 

6. From a piece of cloth containing 37y J. 3qr. 2n., there has 
been taken at one time 6yd. Iqr., at another time lOyd. 3qr. 
3na. How much then remains ? Ans. 20t/d. 2qr. Sna. 

7. From a pile of wood containing 100 cords, I sold at one 
time IOC. lOOS.ft, at another time I sold ISC. 59S.fi. 
How many cords remain tinsold? Ans. 70C. 97S.fi 

8. A farmer raises 1006tt. dpk. 2qt. of wheat from one 
ield, 876tf. \pk. \qt. \pt. from another field ; he sells 536tt. 
ta.one person, and 376w. 2pk. Iqt. to another person. How 

' manybushelshasheranaining? Ans. 97 bu. 2pk. 2qt. Ipt. 

9. Bought 5 loads of coal. The first weighed 2056 
pounds, the second weighed 2250, the third weighed 2240, 

14 
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158 ELEMENTARY ARITHMETIC. 

the fourth weighed 2310, the fifth weighed 2330. What 
was the entire weight 7 And how many tons of 2000 
pounds each 1 . ( 1 1 1 86 pounds. 

^' I 6-593 tons. 

10. A person engages to build 100 rods, and 10 feet o( 
stone fence. At one time he builds 17 rods, 5 feet ; at an- 
other time he builds 37 rods, 15 feet. How much still » 
mains to bei)uilt? Ans. 45 rods, 6^ feet. 

11. How much cloth in three pieces, measuring as fol- 
lows : first piece 37 yards, 3 quarters, 1 nail ; second piece 
41 yards, 1^ Flemish EUs ; third piece 43 yards, 1^ EngM 
Ells? Ans, l2Ayds. Zqr, Ua, 

12. Bought 3 loads of wood; the first was 8 feet long, 
4 fee^wide, and 3 feet high ; the second was 7 feet tong, 
4 feet wide, and 2 feet high ; the third was 9 feet long, 3 
feet wide, and 3 feet high. How many solid feet in the 
whole 7 How many cord feet, and how many cords? 

{233 cubic feet 
14 cord feet, 9 cubic feel. 
1 cord, 6 cprd feet, 9 cubic feet. 



MULTIPLICATION OF DENOMINATE NUMBEB8. 

S5. If we wish to multiply £IZ 5s. lOd, by 5, we pfO" 
oeed aa follows : 

First, wi say ^ Mm?3 10 J. is 50(f., which 
equals 4*. t^Ad 2d, ) Wb *c'. dcvu the 2d, and 
reserve the 4^. to carry into the next column ' 
We then say 5 times 5^. equals 25*, to 
which adding the 4*. we have 29^., which 
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OPERATION. 


£ 


s. 


d. 


13 


5 


10 
5 


66 


9 


2 
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equals J^l 9*. ; we set down the 9^. and reserve the £i 
to eanj to the next denomination. Finally, we say 5 times 
£13 is i^5, to which adding the J^l, we have £66 ; this 
being the highest denomination, we set it down entire. 
Hence this general 



RULE. 

/. Set the multiplier under the lowest denomination of the 
inuUiplicand, and draw a line below it. 

IL Multiply the number in the lowest denomination by 
the multiplier ; divide the product by the number expressing 
how many it takes of such denomination to make one oftJie 
next higher. Write the remainder under the number multi- 
pUedj and reserve the quotient. Then multiply the number 
in the next higher denomination by the multiplier, and to the 
product add the reserved quotient. Divide as before, writing 
down the remainder, and carrying the quotient. 

III. Proceed in like manner to the highest denomination^ 
rf which the entire product must be set down. 

In Mnltiplication of Denominate Nomben, where do you let the multfplier .' 
Which denoaiinate Tolue do you first multiply ? After finding in the product the 
■Vibe: of onlti of next higher order and also what remains, where do you place the 
iMNinderl aiMt what do you do with the units of next superior order 1 Repeat tlH 
*i*«f the Ra.e. 







EXAMFLEa 




£. s. 


d. 


ewt. qr. 


(2.) 
lb. oz. dr. 


10 10 


10 
3 


8 
T. 


2 4 5 
6 


31 12 


2 8 


13 9 14 
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3. In 3 hogsheads of sugar, each containing lOewt 
Sqr. 5lb.y how many hundred weight? 

Ans. S2cwt qr. 1625. 

4. How much cloth will it take for 7 suits of clothes, 
if each suit require 7yd. 3qr, Ina. ? 

Ans. 5At/d, 2qr, 3na. 

5. How much wood can a horse draw ir 13 loads, if he 
draw IC. \9S.fL at each load? Ans. 14C. 119iS.^ 

6. How long will it take a man to saw 6 cords of wood, 
tf he employ 7Ar. 30m. A5sec, to saw one cord, allowing 
10 working hours for each day? 

Ans. Ada. 5hr. Am. SOsec. 

7. The circumference of a wheel is 15 feet 2 inches. 
WhaiHistance will this wheel measure on the ground, if 
it is rolled over 365 times? Ans. Imi 255 ft. lOtn. 

8. Allowing the year to consist accurately of 365 days, 
6 hours, 48 minutes, 49|^ seconds, what will be the tme 
length of 1843 years? Ans. 67 21 A\ da. lOAr. 44m. 2Bise€. 

When the multiplier is* a composite number^ we may, 
as in simple numbers, multiply successively by the com- 
ponent parts. 

9. What will dSciot, of cheese cost, at 15^.^ 6d, pel 
bmidred weight ! 

OPERATION. 

£ s. d. 

15 6 cost of IcwL 
5 



3 17 6 cost of 5cwt. 
7 x7 



27 2 6 cost of 35«D^. 
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10. How much brandy in 84pt., each containing {28gal 
2qt Ipt Zgi.X -- Ans, 10812^a/. \qt Ipt 

11. In 21 loads of woody each IC IC.ft.y how many 
coids? Ans. 23 C. 5C.ft. 

12. Suppose the piston rod of a steam engine to movf 
^ft. 4in. lb. c. at each stroke. Through what distance wil 
it move ih making 1000 strokes ? Ans. 3361/?. lin. h. c. 

13. Bought as follows : 
lb. • 

18 of green tea, at 

12 of raisins, " 

^ of loaf sugar, " 
15 of English currants," 

14 of citron, " 

What is the amount of the whole purchase 1 

Ans. JCir 13^. 3d. 
14 What is the amoimt of the following bill of goods ! 



*. 


d. 


12 


3 per pound. 


1 


2 « ' ' 


1 


4 « « 


2 


3 « « 


3 


6 « «« 





£ s. 


d. 


15 yards of broadcloth, at 


1 3 


6 per yard. 


12 " « silk, « 


18 


3 « " 


20 " « calico, « 


4 


9 « « 


24 « '^ sheeting, « 


1 


3 « « 


» «* ^ muslm, « 


3 


4 a « 


■ 


^M. 


^35 9s. U 



DIVISION OP DENOMINATE NUMBERS. 

86* Let it be required to divide Jt'lOO 10^, Zd. equally 
^ivniyns^ 17 men. 14» 
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EXPLANATION. 

First, we say 17 in jETIOO, is 
contained 5 times and d6^ 15 re- 
maining ; and since these JE?15, 
as well as the 10^., are yet to be 
divided among the 17 men, we 
reduce the pounds to shillings, 
and add the 10^., making 310^. ; 
we find 17 to be contained 18 
times in 310^. with 4^. remain- 
der. We reduce ' the 4^. to 
pence, and add the 3 J., making 
5\d.y which divided among the 
17 m^, gives dd. each. 



OPERATION. 

17)jei00 10^. 3rf.(« 
85 

15 
20 



17)310(18*. 
17 

140 
136 

4 
12 

17)51(3d 
51 

Collecting, we haw 
£5 ISs, 3d. 



Note. — ^We do not divide lOQ poimds by 17 men, which «8 iiO' 
possible J but we separate XI 00 into 17 equal parts. Each part im 
expressed by the quotient, and contains je5, (Art. 64- Note.) 

Or, adhering to the general definition of Division, (Abt. 33 vA 
Art. 64>) we suppose a pound set apart for each man, and thea 
find how many times jS17, the number thus set apart, is contained 
in JSIOO; the quotient will be an abstract number. The answer 
will, of course, be as many pounds to each man as there are parcels 
of j617 in XlOO; that is, as there are units in the quotient 

Had the divisor been one of the nine digits, the work might haw 
been performed by Short Division. 

We therefore have thia general 



RULE. 



/. Place the divisor on the left of the dividend j as in Swr 
pie Division. Begin at the left-hand and divide the nvnAer 
of the highest denomination by the divisor. Reduce the Tt 
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mainder, if any^ to the next lower denomination, to v^ich add 
the number if the dividend expressing that denominaUmi^ 
and then diiide the sum by the divisor. 

II. Proceed in the same way for all the denominations. If 
ihere is a remainder after the last division^ place it over th$ 
divisor, and annex it in a fractional form to the quotient. Each 
^tient will be of the same denomination as its dividend, 

&TiBg placed the diTitor w in Bimp^t DiTbion, how do you proceed 1 Whaa, la 
ttriiiiif any particular denominaiionf there ie a remaindec, how do you ditpoie of ill 
0*wliat denomination will the retpective qootieoli be 1 



yd. qr. na. 
)25 a 1 


EXAMPLES. 

cwt, qr. lb. 
9)27 3 26 


oz. dr. 
13 9 


3 2 3 


3 12 


5 1 



(3.) 
lb. oz. pwt, gr. 
13)10 8 16 ZX^lb,^oz.\%pwt^\\gr. 
12 



13)128(9o;r. 
117 

11 
20 



l3)236(18pto«. 
13 

105 
104 

2 

24 

W)51(3i|^. 
39 

12 remainder. ^ , 
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' (4) 
mi. fur. rd. yd.ft.mi,fur.rd,yd.fi tn 

23)100 4 30 U 2(4 2 39 3 7^ 

8 
8 

23)68(2/wr 
46 

22 • 

40 



23)910(39r(l. 

220 
207 

- 13 

23)73 (Zyd. 
69 • 

4 
3 

23)14(0y^. 
12 

23)168( 7/jtn. 
7 remainder. 

5 Divide \(^tuns 2hkd. I7gal 2pt. by 67. 

Ans. B9gal.efi 
6. Divide 51A. IR. UP. by 61. Ans. lA. OR IP. 
• . Divide igal 2qt. by 144 Ans. ]gu 

8. Divide £m 13*. Ad by 31. >liw. i^3 13*. U 
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9. Divide 673Hlda. 9hr. 68m. 2Asec, by 1848, 

Ans. 365(2a. 5k ASm, ASsee. 

10. Divide Imt. 255/1^. lOtn. by 366. Ans, 15/^. 2in. 
When the divisor is a composite number, we may divide 

liy the factors of the niraiber successively. 

11. Bought 15 sheep for £5 I2s. 6. How much did one 
iheep cost ? 

FIRST OPERATION. SECOND OPERATION. 

£ s. d. £ s. d 

8 )5 12 6 cost of 15 sheep. 6 )5 12 6 cost of 15 sheep, 

5)1 17 6 cost of 6 shee^. 3)1 2 6 cost of 3 sheepi 
7 6 cost of 1 sheep. 7 6 cost of 1 sheep. . 

From this example, we see that it makes no difference 
which factor is first used. ^ 

12. If 2iyds. of cloth cost i?18 6*., how much is that 
per yard? Ans, I5s, Zi. 

13. ^om a piece of cloth containing \2Syds, Iqr,, a * 
tailor made 18 coats, which took one third of the whole 
piece. How many yards did each coat contain ? 

Ans. 2yds, Iqr, 2na 

87. QUESTIONS INVOLVINO THE POUR PRECEDING RULES. 

1. Twenty-four men agree to construct 7mi, I fur, 2ird 
of load ; after completing | of it, they employ 8 more men 
What distance does eacb man construct before and aftei 
the 8 men were employed ^ j J 1^^^- before. 

^' I I fur, 20rd. after. 

2. A silversmith has seven tea-pots, each weighing Ilk 
Soar IZpujt. llgr. What is the whole weight? 

Ans, 9lb, \oz, \ipwt, 5gr» 
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3. A fanner has 1000 bushels of apples, whicn heputi 
into 350 banels. How m^xiy does each barrel hold? 

Ans. 2bu. Spk. Z^ 

4. If it require 1 sheet of paper to print 24 pages of a 
book, how many reams, allowing 18 quires to the leam 
will it take to print 3000 copies, of 250 pages each? 

Ans» 72 reams, 6 quires, 2 sheeta 

5. An estate worth JC2570 is to bp divided as follows: 
the widow has one third of the whole, the remainder is tc 
be divided equally between seven children. How much 
does the widow receive, and how much does each child 
have? ^^ i The widow has ^856 13*. 4d. 

^' ( Each child has £2U 15*. 2d. Sffar. 

6. Divide 100 acres, 3 roods, 8 rods of land, between foitf 
persons, A, B, C, and D, so that A shall have one sixth 
of the whole, B one fourth of the remainder, C one thini 
of what then remains, and D the rest. How much does 
each one have ? . 

'A had 16A 8ft. 8P. 

B had 21 0. 

Chj&d 21 0. 
LDhad42 0. 

7. A, B, C, and D, having Idcwt, Iqr. ilh. of sugai; 
they agree to divide it as follows : A is to have one half 
oi the whole, B is to have one third of the remaindCT, C ii 
to have one fourth of what tken remains, and D is to tab 
whxX ]fl left. What were their respective portions? 

'Ahad6ctc^ 2qr. 160. 
^^^Bhad2 24. 
C had 1 12. 
Dhad3 I 8 
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8. What is the weight of the following coins: 10 
guineas, each weighing, 5 pwt. 9^ grains ; 7 sovereigns, 
each weighing 1 pwt. 8} grains 1 

Ans. Soz. 3pv)l S^gr. of gold 

9. What is the weight of 13 crowns, each weighing 
i1b pwt. 4^ grains ; 14 shillings, each weighing 3 pwt. 
15A S^' } 9 sixpences, each weighing 1 pwt. 19-ft- gr. ? 

Ans, lib, doz. 3pwt 15-ft-^r. of silrer. 

10. In one eagle there is 232-ft grains of pure gold, 
12iV grains of silver, and 12iV grains of copper, and the 
same proportions of ^Id, silver and copper, from all other 
American gold ccnn. In 10 eagles, 7 half-eagles, 5 quarter- 
eagles, how many grains of gold, silver and copper? 

{3424-95 ^. of gold. 
190-275 gf. of silver. 
190-27#^. of copper. 

11. One pound of pure gold is sufficient for how many 
dollars of gold coin, if it require 23-22 grains for one 
dollar? • Ans. 248-062 dollars. 

12. One pound of jpire silver is sufficient for how many 
dollars of silver coin, if it require 371-25 grains for one 
dollar? Ans. 15-515 dollars. 



DENOMINATE FRACTIONS. 

88. Under Art. 641, we defined a denominate num* 
ber as one whose unit has reference to a particular thing. 
For p siirilar reason, a denominate fraction is a part of a 
unit having reference to a particular thing. Thus, J of 
a yard is a renominate fraction, sxjWBssing a part of the 
particular unit onu y^rd; i d c pound is also a denomi- 
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nate fiaction, expressing a part of the particular umt ona 
pound, s 

We know (by Art. 80,) that denominate numben 
may be changed or reduced from one denomination to 
another without altering their -values. By a simikT 
method may denominate fractions be reduced from (m 
denomination to another. 

Wkat faftve we already defined & denominate number to be ? What is a dflooni- 
■ate fraction 1 Give lome examples. May denominate fracti<ms be chaD{:«d ftrni 
) to another without altering their Talaes 1 



BEDUCTION OF DENOMINATE PRACTIONB. 

89. Suppose we wish to reduce ^^^ of a pound ster 
ling to an equivalent fraction of a farthing, we proceed as 
follows : since •there are 20 shillings in a pound, ^fo of si 
pound i» the same as 20 times -^^-o^of a shilling ; and this 
is the some as 1^ vimes 20 times ^^ of a penny ^ which, 
in turn, is 4 times 12 vimes 20 times ''^^ of a farthing. 
That is, fiif of a poimd sterling =:^ of V^ of -V- of f of 
a farthing =, by calculation, to -I ofa farthing. 

Agair, let us reduce f of a farthing to a fracticHi of a 
pound sterhng. In this case, we reverse the preceding 
process, and instead of multiplying, divide by the same 
fractions ; or what is the same thing, take the reciprocals 
of the fractions, ( Aet. 47,) and multiply. 

Thus f of a farthing=f of | of -^ of ^ of a pound 
iterling=y^Vir o^ ^ pound sterling. 

1, Reduce i of an inch to the fraction of a mile. 

The increase of denominate value between the inch 
and the mile, is for the foot 12 times the inch, for the rod 
'6^ or y times thl%ot, for the furlong 40 times the rod, 
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and for the mile 8 times the furlong. Therefore a com- 
pound fraction represeiiting what part of a mile an inch ia^ 
would be y*^ of ( 1 -T-a^r= >gV of iV of j. So that the frac- 
tion -f of an inch, which is to be changed to the fraction 
of a mile, must be multiplied by the compound fracti(»i 
hist obtained. Consequently we have 

- ot an mch=-x-: :X — X — X-= of a mile. 

8 8 XU 33 40 8 168960 

2 

If the question had been the reduction of f of a mile »o 
the fraction of an inch, the fraction would have been 

3 r ., 3 12 /16^ \33 40 8 ^^^^^ . 

- of a mile=-x — x ( — ^= 1— x — x -=23760 m. 
8 8 1 \ 1 /2 1 1 

From what has been done we may deduce this 

^ RULE 

/. When the given fraction is to be reduced to a higher 
denomination, multiply it by a compound fraction, whose terms 
are the reciprocals oj^he numbers that indicate the increase 
in value of a unit cfmhe successive denominations included 
between the denomination of the given fraction and the one 
to which it is to be reduced. 

II. When t?ie given fraction is to be reduced to a lower 
denomination, multiply it by a compound fraction, whose 
terms have units for their denominators, and for numerators 
the numbers t?uit indicate the decrease in value of a untt of 
the successive dcTwminations included between the denomiiw 
tion of the given fraction and the one to which it is to be 
reduced, 

EXAMPLES. 

2. Reduce TreTff of a da/r to the fraction of a second. 
15 
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In this example, the decrease in value of a iinit of thi 
iuccessive denominations between a solar day and a 
second, are 24 (hours,) 60 (minutes,) and 60 (seconds.) 
Hence the compound fraction will he -^ of ^ oi ^ 
nrhich, multiplied bj the given fraction becomes 

3 24 60 60 
X — X — X 



11520 1 1 1 
Cancelling, successively, 60 and 24, factors common W 
numerator and denominator, we have first 

3 24 00 60 . 3 U W 60 

— --r:x — X — X — ; then— — - X— X — X— . 
XX$t0 1 1 1 XX$t0 1 1 1 

192 X^i 

8 
Finally, cancelling the factor 4, which is common 10 
the numerator 60, and the denominator 8, we have 

3 ^ ^/l 00 00 45 ^ 

-X— X— x~=~of a second. 



XX$t0 1112 

m « 

$ ^ 

2 

We have beer, particular to give the complete work of 
cancelling in these examples, by writing down the whole 
work at the successive stages of operation. In practice, 
the expression need not be written more than once. With 
a little practice the pupil will be able to strike out the 
common factors with accuracy and despatch. 

Reduce -jTjVff o^ a pipe of wine to an equivalent fiao- 
tion of a gill. 

In this example, the successive denominate values be- 
tween a pipe and a gill are 2 hogsheads, 63 gallons, 4 
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quarts, 2 pints and 4 gills ; then^ore, our compound tec 
tion is f of ^ of -^ of f of f , which, multiplied by the 
givenfraction, becomes tbVt of f of ^ff of f off ; this 
becomes, after cancelling like factors, 1 gill. 

4 Reduce -JfJ- of a yard to a fraction of a mile. 

5 Reduce ff of a gill to the fraction of a gallon. 

Ans, -rfr 

6. Reduce -H^- of. a pound to the fraction of a ton. 

Ans.r^' 

7. Reduce -^ of a mile to the fraction of a foot. 

Ans. 1760 feet. 

8. Reduce -J- of -J- of f of a yard to the fraction of a 
mile. • Ans. rrlnr- 

9. Reduce -}■ of i of ^ of a gallon to the fraction of a 
gilL Ans. -f-. 

10. Reduce f of i of a hogshead of wine to the fraction 
of a gill. . Ans. -^2^=697+. 

U. Reduce -J of f of 4^ yafds to the fraction of an inch. 
Ans.^^=2^. 

12. Reduce -f of -ft of a farthing to the fraction of a 
shilling. Ans» tsVt- 

13. Reduce -^ of an ounce to the fraction of a pound 
avoirdupois. Ans. tIt. 

14. Reduce f of •} of 1 rod to the fraction of an inch, 
of a foot, and of a yard. [m^= 1 29+f inches. 

Ans.^ W= lOfJfeet. 
LW= 3« yards. 

15. Reduce -J- of f of 1 hour to the fraction of a month 
rf 80 days, and" to the fVaction of a year of 365 days. 

Ans. \ '"^ ^^ ^ month. 
^ -rdhnr of a year. 
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90« To find what fractional part one quantity is of an- 
other of the same kind, but of different denominations. 

Suppose we wish to know what part of 1 yard, 2 feet 3 
inches is. We reduce 1 yard to inches, which gives 1 
yard =36 inches ; we also reduce 2 feet 3 inches to inches, 
which gives 2 feet 3 inches =27 inches. Now, it is ob 
vious that 2 feet 3 inches is the same part of a yard that 
27 is of 36, virhich is -ff =f . 

Hence, we deduce this 

RULE 

Reduce the given quantities to the lowest aenominatum 
mentioned in either. Then take the number tphich expresses 
the quantity of which the other is to be the fractional part^ 
for a denominator, and the other number for a numerator^ 
and the fraction thus formed will denote the fractional part 
sought. 

EXAMPLES. 

1. What part of £Z is. Id. is 2s. ed.1 

In this example, the quantities, |||en reduced, become 
£3 ^s. ld.=:7md.] and 2s. 6d = ".; therefore, WV ^ 
the fractional part which 2^. 6d. is of £3 As, Id. 

2. What part of 3 miles, 40 rods, is 27 feet 9 Inches' 

A.ns. s so 1^ 
3 What part of a day is 17 minutes 4 seconds % 

Ans. jh* 

4. What part of $700 is $5-30 ? Ans. tWt. 

5. What fractional part of 2 hogsheads is 3 pints? 

^n^. tIt- 

6. What part of $3 is i^ cents 7 Ans. rh- 

7. What part of 10 shillings, 8 pence, is 3 shillings 
I penny ? Ans. -^. 
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Si Whait part (^ 100 acrefi is 6a oores, 2 roods, 7 locte of 
land? Ans.mU* 

9. In the Eagle there are 232^ grains of pure gold, and 
12tV gp^ains of silver, and the same quantity of copper. 
The silver and copper is each what part, by weight, of the 
gold? And the silver and oo^^r together is what part 

Silver and copper ate each 
-f»y of the gold. Silver 



of the gold'? , 

Ans. 



and copper together are 
i of the gold. 

10. In .the United States standard silver cdn of one Aol> 
kr, there are 371+ grains of pure ^Iver, and 41+ grains ot 
copper. What fractiouil part is the copper oi the silver? 

Ans. +. 

11. The silver in standard go.d wOin is what part of the 
silver in the same value of standard silver coin ? 

12. The poimd Troy contains 5760 grains, the pound 
Avoirdupois contains 7000 grains. A pound Troy is what 
part of a pound Avoji^upois ? Ans, |4|. 

13. The imperial gallon contains 277+ cubic indies, 
nearly ; the old wine gallon contains 231. What part of 
the imperial gallon is the old wine gallon '? Ans. -MS". 

14. The solar year is 365 days, 5 hours, 48 minutes, 48 
seconds. By what part of a day does this exceed 365 
days? ^^.+1*. 

91. To reduce a fraction of any given denomination to 
whole denominate numbers. 

Suppose we wish to know the value of -f of a yarj ; wi 
know that -f of a yard equals f of + of a qi2arter jijt of 9 
quajter=l quarter++ of a quarter. The + of jl q^iartci 
may be considered as a remainder. 
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Again, i of a quarter, equals -J of f of a nail =2 naOfl 
Therefore, f of a yard equals 1 quarter and 2 nails. 
Hence, we deduce this . / 

RULE 

MuUiply the numerator hy the number expressing hen 
Many of the necct lower denomination make one of the denont 
motion of the fraction, and divide the product hy the denont 
inator; "multiply the remainder, if any, by the number express- 
ing how many of the next lower denomination make one oj 
that remainder, and again divide the product by the denom- 
inator; continue this process until there is no remainder, or 
until we reach the lowest denominate value. The successive 
quotients will form the whole denominate numbers requirei 

EXAMPLES. 

1. What is the value of -ft- of an hour? 

In this example, -ft- of an hour equal -ft of ^ of a 
minute, equals 12 minutes. 

2. What is the value of f of 1 ysMi 

Ans, 1 quarter, 2f nails. 

5. What is the value of J of i of 1 mile 1 

Ans. 1 furlong, 20 rods. 
4. What is the value of f of f of 1 cwt. ? 

Ans. 1 quarter, 12 pounds* 
5 What is the value of | of 14 miles, 6 furlongs? 
Ans. 2 miles, 3 furlongs, 26 rods, 1 1 feet 

6. What is the value of i of f of 2 days of 24 houa 
each 1 Ans. 9 hours, 36 minutes. 

7. What is the value of -J- of -J of -ft of an hour ? 

Ans. 5 minutes, 37-|- seconds. 
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8. What is the value of -Ht of a solar day ? 

Ans. 6A. 48»i. iSsec 

9. What is the value of -H^ of a pound Avoirdupois % 

Ans, IBoz. 2+Hif. 

10. What is the value of iV of a bushel? Ans. S-J- quarts. 

11. What is the value of -^ of a year of 365 days 1 

^ Ans. 30 days. 

12. What is the value of -)- of •}• of t of an acre 7 

Aju. 25 rods. 



ADDITION OF DENOMINATE FRACTIONS. 

9S« So long as fractions are of dif^ent denominate 
values, they cannot be added, any more than integers can 
of different denominate values. Hence, before seeking to 
add, it is necessary to reduce them to the same denomina- 
tion, then, to a comq^on denominator, and apply the rule 
under Art. 43* 

VHiat it tlie Rule for the Addition of Denominate Fraetioos 1 
EXAMPLES. 

1. Add i of a shilling to •} of a pound. 

I. f of a shilling equals -J of ^jV of a pound =Thr of a 
pound, which added to -J- of a poimd=:T^ of a pound, 
pves •A/V="H of a pound for the sum. 

H. •} of a pound =-}• of -V^ of a shilling =5 shillings, 
which, added to i of a shilling, gives 6i=-V of a shilling 
for the*sum. 
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If our work is right, these two resists ought to be of u 
same value, that is, -H" of a pound must equal 5^ shillinga 

We know that if of a pound =-1^ of ^ of a shillings 
V- 6f a shilling. , 

2. Add i of a yard, f of a foot, and -f of a mile. 
These fmctions, before adding, might be reduced to firafr 

tions of a yard, or of a foot, or of a mile, or of any of the 
denominate values of Long Measure. But a bettetw&y 
would be to reduce each to its integral denominate value, bjr 
Rule under Art. 91 • 

Thus : i of a yard= ^ of f of a fo9t= 1 foot. 

f of a foot=f of -^ of an inch =10 inches, 
f of a mile=-| of i of a furlong=3 furlongs. 
Therefore, the sum is 3 furlongs, 1 foot, 10 inches. 

3. Add -J- of a week, ■§■ of a day, •} of an hour. 

+ of a weekss:^^ of -f of a day=3-J' day«=3 days+^of 
V" of an hour =3 days, 12 hours. 
J- of a day=-§- of -V- hour=r 4 hours. 
1^ of an hour = J. of ^ of a minute = 16 minutes. 
Hence, the simi is 3 days, 16 hours, 15 minutes. 

4. Add i of a year, f of a week, iV of a day, together. 

Ans. 75<|a. 24r.. 

5. What is the siun of -J- of a cwt., + of a gr., -}■ of a lb.1 

Ans. 2qr. 9lb. 9oz. B^dr. 

6. What is the sum of iV of a bushel, -J- of a peck, i d 
ft quart? Ans. 5-^L 

7. What is the sum of iV of a yard, and -I- of a foot? 

Ans. 7f inches. 

8. What is the sum of f of a week, ■!• of a day^ and \ 
•f an hbtir? ^ Ans, 4<ia. 2Ur. Sin. 

9. What is the s\mi of -f of a bushel, + of a peck, and 
* of a quart ? Ans. 3©*. O^t ^Spt. 
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SUBTRACTION OP DENOMINATE JRAClfONS, 

93. * As in Addition, the fractions must be first reduced 
to the same denomination ; afterwards they must be 
brought to a common denominator, and then the work 
may be completed, by Rule imder Art. 4.4* 

What ia the Rule for the Sabtraetion of Denominate Fractiooc 
EXAMPLES. 

1. From i of a pound subtract -J of a shilHng. 

1. i of a £=i of -V of a shining=f of a shilling. 
Therefore, f — "t=-fj— tV=-ff. So that the diffeience 

ia -f^ of a shilling =2-^- of a shilling. 
IL I of a shilling =} of ^^ of a poiuid= j^^ of a pound. 

■^d i— TTT=TA-'i77r=/A- So that the difference 
is jV^ of a poimd=/|j^Y of -V^ of a shilling=:fj of a shil- 
ling, as before. 

2. From f of a day subtract y of a minute, 
f of a day =f of -^ of an hour=9 hours. 

i of a minute=:i cf -^ of a second=12 seconds. 
Hence, From 9hr, Om. Osee, 
Take 12 

Difference 8 59 48 

3. From ^ of | of 15 yards of cloth, subtract | of ^ ol 
one quarter. 

4 of f of 15 yards=5 yards. 

j of T®j of otie quarter=| of yj of f of a nail=-,^ of m 
naU. 
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ifd. qr. nd. 
Hence, Prom 5 

Take 0_0_a^ 

Difference, 4 . 3 3|i 

4. From 4 o^ 5 acres of land, subtrapt ^ of 3 rood«. 

Ans, 2IL 4fP. 

5. From f of an ounce, take f of a pennyweight. 

Ans. 7pwt, I5gr. 

6. From ^ of a hogshead, take f of a quart. 

Ans, 6gal. Zqt ^ 

94L» EXBBCISES IN DENOMINATE, FRACTIONS. 

1. A person gave 4 of a pound for a hat, -J- of a shilling 
for some thread, and -J- of a penny for a needle. What 
did he pay for all ? Ans, 3s. 2d. 3-jj/ar. 

. 2. What is the value of ^ of a week, -fr of a day, and \ 
of a minute? Ans. 3da. 20hr. i5see. 

3. What is the value of -J- of a pound, -J- of an ounce, 
and -f of a pennyweight, Troy? Ans. 2oz. I3pwt. Sfgr. 

4. If 41 pounds of sugar cost 431 cents, how much is 
it per pound ? Ans. 10 cents.* 

6. If I pay $404 for 8-J bushels of aj^les, how mmh. 
lo I give per bushel? - Ans. 46^ cents. 

6. Four persons, A, B, C, and D, own a ship, of which 
A owns 1 of "I of the whole ; B owns. ■} of f as much as 
A ; C owns f as much as B ; and D owns the remaindat 
What are the respective parts owned by each ? 

'A owned V^' 

Ans.-* 



B 


(( 


^' 


C ' 


a 


^ 


D 


« 


Hh 
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7. From + of f of a day of 24 hours, take of -fr of IJ 
hour. Ans. 8A. 30m. 

8. To f of 4i days of 24 hours each, add i of i of 3^ 
hours. Ans. 3d.9d, i\m.40s€c. 

9. A certain sum of money is to be divided between 4 
persons in such a manner that the first shall have ^ of it. 
the second ^, the third ^, and the fourth the remainder, 
which is $28. What is the sum ? 

i+l+j=ii which wants just ^ of being the whole ; 
nence, the fourth one had y of the whole. Consequently, 
$28 is ^ of the whole, and the whole is $28x4=$112. 

10. A received -j- of a legacy, B ^, and C the remain- 
der. Now it is found that A had $80 more than B. How 
much did each receive ? 

}—^ = fg. Hence, $80 was iV of the whole legacy • 

the legacy was therefore $80x 15=$1200. 

Hence. A had i of $1200=$200. 

B had tV of $1200=$ 120. 

C had the remainder =880. 

Proof, $1200. 

1 1. Eight detachments of artillery divided 4608 ca^nnon 
balls in the following manner : The first took 72 and i of 
the remainder; the second took 144 and ^ of the remainder ] 
the third took 216 and ^ of the remainder ; the fourth took 
288 and | of the remainder. The balance was equally 
divided among the remaining four detachments.* How 
many balls did each detachment receive ? 

Ans, Each received 576 balls. 
.2. Five persons divide 100 pounds of sugar as follows , 
I The first takes 4 of -f of the whole ; the seccud takes ^ 
Iflf f of the remainder ; the third takes 1 of -J- of the re- 
mainder; the fourth takes y of f of the remainder; 
/ 
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and the fifth had what was lefl. How much did eacl) 
receive? , 

lb. lb. lb. o» dr 

' The 1st had -^f^ of 100=^ of 100= 10 11 6f 
" 2d had tWW of 100=^^ of 100= 11 2 H 
Ans.^ " 3d had V^^oflOOzzT^A of 100=11 118. 
j « 4thhadTWft-ofl00=VWV of 100 = 12 73* 
5th had-^VWVof 100=i+^of 100=53 15 4]. 



« 



VULGAR FRACTIONS REDUCED TO DECIMA18 

9S« To change a vulgar fraction into an equivalent 
decimal fraction. 

Let us endeavor to change -f into an equivalent deci- 
mal fraction. 

This fraction is the same as -f of a unit ; and as 10 
tenths make a unit, the fraction is the same as ^ of -V^of 
a tenth,=3 tenths+f of a tenth. Again, -f of a tenth is 
the same as f of -V- of one hundredth, =7 hundredths +i 
of one hundredth. But ^ of one hundredth is the same as 
i of -V- of one thousandth, =5 thousandths. Therefore j 
of a unit =3 tenths, 7 hundredths, and 5 thousandths, or 
as usifallj*written, •|=0-375. 

Hence we deduce this 

RULE. 

Annex a cipher to the numerator, and then divide Ja^f ike 
denominator. If the dividend will not contain the divisor^ 
w^Hte in the quotient and annex another cipher, and then 
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divide; to the remainder annex another e^^her, and again 
divide by the denominator; and so continue to do until 
there is no remaind^, or until as many decimal Jigures have 
been obtained as may be desired. The quotient wtU be the 
dedma, fraction required 

NoTL— It will be seen that this rule bears a close analogy to 
mle under Art. 91, as it oaght; since the ya/ues of the succes. 
sire figures in a decimal fraction decrease in a tenfold ratio. 

EXAMFLES. 

1. What decimal fraction is equivalent to iV ^ 

16)100(00625 ' 
96 

40 
32_ 

80 
80 



2. Wha* iecimal is equivalent to -Ar? 

Ans. 005555, &c. 

3. What decimal is eqmvalent to -gV ? Ans, 005. 

4. What decimal is equivalent to ^iV? '^^^' 00^ 

5. What decimal is equivalent to + ? 

Ans, 0-3333, &c. 

6. What decimal is equivalent to +? 

Ans. 0142857, &c. 

7. What decimal is equivalent to t4- ? 

Ans. 0-0909, &c. 

8. What decimal is equivalent to f^? 

uiiw. 0076923, &c 
lo 
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9. What deoimal is equivalent tq iV ? 

- Ans. 00688235, &c 

10. Change f into an equivalei^ decimal Ans, 0*75. 

11. Change f into an equivalent decimal 

Ans, 06666, &c 

12. Change f into an equivalent decimal Ans. 0-6. 

13. Change f into an equivalent decimal. 

Ans. 0-8333, &0. 
14 Change 4* into an equivalent decimal 

^iw. 0-5714285, &c.' 

15. Change iV ^^^ ^^ equivalent decimal 

Ans. 0-5625, 

16. Change -f into an equivalent decimal Ans. 0*875. 

17. Change H into an equivalent decimal Ans. 0-95. 

18. Change f^- into an equivalent decimal. Ans. 0-98. 

19. Change H into an equivalent decimal 

Ans. 0-928571428, &c. 

In the foregoing process of converting a vulgar fractira 
into an equivalent decimal fraction, we continue to annex 
ciphers to the remainders^ and to divide by the denomina- 
tor of the vulgar fraction ; hence, whenever we obtain a 
remainder Hke one that has previously occurred, then the 
decimal figures will commence a repetition. And as no 
remainder can exceed or equal the divisor or denominator 
of the v^olgar fraction, the whole number of different »• 
maindors cannot exceed the number of units in the derom- 
inator less one ; consequently, when the decimal figuiei 
do n6t terminate, they must recur in periods whose num- 
ber of places cannot exceed the number of units less one 
in the denominator of the equivalent vulgar fraction. 

Decimals which recur in this way, are called repeunds. 
When the period begins with the first decimal figure, i\ 
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is called a simple repetend. But when other decimal 
flguiea occur before the period commences, it is called a 
compound repetend, 

A repetend is distinguished from oi:dinary decimals bj a 
period or dot placed over the first and last figure of the 
circulating period. 

^0« The folbwing vulgar fracticms give simple 
lep^i^^ends : 

i=0i42857. 

i=oi. 

V5=0b7692S. 
tV=005882352941 17647. 
TV=005263157894736842i. ' 
- ^=0047619. 
^=00434782608695652173913. 

97* The following ones give compoimd repetends : 

i=016. 
t1j=0-083. 
Tir=:0K)7l4285. 
iV=006. 
tV=005. 
iiV=0-045. 
,«r=00416. 

08« Those simple repetends, which have as many 
temis, less one, as there are units in the dentjminator, we 
shall call perfect repetends. The following are some of 
the perfect repetends : 
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+=0142857. 
tV=0 05882352941 17641 • 

TV=005263157894736842i. 
^=0-6434782608695652173913. 
^=0-0344827586206896551724137931. 

Note.— For some interesting properties of repdends, see Hichef 
Arithmetic. 



REDUCTION OP DENOMINATE DECIMALS. 

99* A denominate decimal is a decimal fraction of a 
unit of a particular kind. Thus, 0-45 of a ;^, is a denom- 
inate decimal, since the unit is ^1 ; for the sanae reason, 
0*25 of a foot is a denominate decimal, the xmit being 1 
foot. 

What ii a danominate decimal t Gite mnim emnplM. 
CASE I. 

To reduce denominate numbers of different ddnomiai^ 
tions to a decimal of a given denomination. 

Let it be required to reduce 15^. 6rf. 3/ar. to the deci- 
mal of a £. 

I. 3/ar.=f(f.=0-75J. 

IL 6i. 3/ar. is therefore the same as 6*75 J. ; if m 

iivide this by 12, it will become 

6-75 

-— =0-5625^. 

12 
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m 15*. 6d. 3/flr.=: 15-5625* ; this divided by 20, givei 

15'5625 

=0-778125 of a £. 

20 

for the decimal sought. The work may be more coii* 

dsely done, as in the following 

OFQRATION. 

4: 



12 

2|0 



3/af. 
6-75J. 



15-5625*. 



0-778125 of a £. 



EXPLANATION. 

Replaced the^different denominations above CAch other, 
10 that the smallest denomination stood at the top ; we 
then supposed ciphers annexed to the 3 farthings, and 
divided by 4, since 4 farthings make one penny, and the 
quotient, which must be a decimal, we placed at the right 
of the 6d. ; we next divided 6*75 J. with ciphers annexed, by 
12, because 12 pence make one shilling, and the quotient, 
which is also a decimal, we placed at the right of the 15*. ; 
finally, we divided the 15-5625*. by 20, because 20 shil- 
lings make one pound. In dividing by 20, we cut off the 
cipher, and then divided by 2, observing to remove the deci- 
mal point one place to the left. 

We therefore have this 

RULE. 

Place the different denominations above each other, so thai 
the lowest denomination may stand at the top ; commencing at 
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the topj annex ciphers^ and divide each denomination by th 
number expressing how many of such denomination make a 
unit of the next higher denomination. The last quotient wiS 
be the decimal rehired. 

Repeat this Rale. 

EXAMPLES. ■ 

I, Reduce £S 5s. 2d. Iqr, to the decimal of a j^ 



OPERATION. 



4 
12 

210 



1 

2^ 



51875 



8-259375 of a £. 



2. Reduce 3^. 2na. to the decimal of ajwL 

OPERATION. 



2_ 

3-5 



0-875 of a yard. 



8. Reduce Ift. 4m. to the decimal of a yard. 



OPERATION. 



12 

3 



13333 ) &c. 

0^'4A 4, &c. of a yard. 



4 Reduce Zlb. Aoz. Bpwt. Igfi Troy, to the decimal erf t 
pound Ans. 3 36684027777, &c., of a lb. 
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5. Reduce 3 A. 30m. lOseq. to the decimal of a daj. 

Ans. 0-145949074074, &c., of a day. 

6. Reduce £Z 5s. Od. 2far, to the value of a £. 

Ans, £3-252083333, &c. 

7. Reduce 28 gallons of wine to the decimal of a hogs- 
head. ^^. 0*4444, &c., of a hogshead. 

8. Reduce 4^ 6^ to the decimal of a j^. 

Ans. £0-2270833, Ac. 

9. Reduce 18^. 3f d. to the decimal of a £. 

Ans. £0-915625. 

10. Reduce 3 pecks, 5 quarts and 1 pint to the decimal 
of a bushel. Ans. 0-92 1 875 of a bushel. 

il. Reduce llhr. IGot. ISsee. to the decimal of a day. 
Ans. 0-469618055, &c., of a day. 

12. Reduce 20 rods, 4 yards, 2 feet and 6 inches to the 
decimal of a furlong. 

Ans. 0-521969696, &c., of a furlong. 

13. Reduce 42m. 36sec* to the decimal of an hour. 

Ans. 0-71, of an hour. 

14. Reduce 30 days, 3 hours, 27 minutes, 30 seconds, tc 
the decimal of a year of 365-24224 days. 

Ans. 0082253+ &c., of a year. 

15. Reduce 5hr. 48m. A9'536sec. to the decimal of f 
day I Ans. 024224 of a day. 



OASS n. 
Vo find the proper value of denominate decimalai 
Find the .value of 0-778125 of a £, 
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0778125 of a £, 

20=shillings in JBl 

15-562500 of a shilling. 
12 =pence in is, 

11250 
5625 



6-7500 of a penn;?. 

4 =:farthings in 1 penny.. 

3-00 farihings. 
Which gives 15^. 6d:3far. 

EXPLANATION. 

We first multiplied the decimal of a j^ by 20, becaM 
20 shillings make 1 pound ; pointing oflf by the rule for 
decimals, we found 15^. and 0*5625 of a shilling. Then 
we multiplied this decimal of a shilling by 12, because 12 
pence make 1 shilling ; pointing off, we found 6d, and 0*75 
of a penny, which being multiplied by 4, because 4 fitf- 
things make 1 penny, gave just 3 farthings. 

By carefully considering the above operation, we deduce 
this 

RULE. 

Multiply tlie decimal by the number expressing how mui 
of the next lower denomination make a unit of the denom- 
ination of the decimal; point off by the usu€d ride for 
decimals ; multiply the decimal part, thus pointed off of 
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before; and so continue to the lowest denomination; the 
severtd denominate values sought will appear at the left of 
ike deehnal point of the successive products* 



EXAHFLKS 

1. What is the value of 0-9075 of an acre ? 

OPERATION, 

0-9075 

4=:roods in lA. 

3 -630022. 

40= rod8 in IR. 

25-2H 

Ans. 3R.25'2P, 

2. What is the value of ,£0-125? Ans. 2s, 6dL 
8. What is the value of £0-66| ? Ans. \3s. Ad. 

4 What is the value of 0-375 of a hogshead of wine? 

Ans. 23^aT 2qt. Ipt. 
6. What is the value of 0-121212 of a year of 365 days ? 
Ans. Aida. 5hr. 49m. l'622sec. 

6. What is the value of 0-3355 of a pound avoirdupois 9 

Ans. 5oz. 6'SSSdr. 

7. What is the value of 0-3322 of a ton ? 

Ans. 6cwt. 2qr. I6lb. 2048ojr. 

8. What is the value of 0-2525 of a mile ? 

Ans. 2fur. Ord. Ayd. 1ft. 2Ain. 

9. What is the value of 0-345 of a £ ? 

Ans. 6s. lOd. 3-2/ar. 
16 

Digitized by VjOOQIC 



190 , ELEMBNTART JkKtTHJfBTIC. 

10 What is the value of 0-121212 of a dajl 

Ans. 2Ar, 54m. 32-7168j» 

1 1. What is the value of 03456 of a £ ^ 

Ans, 6^. lOd 3-776/«f; 

12. What is the value of 0-9875 of a £ ? 

Ans, 19«.9d: 

13. What is the value of 0-24224 of a solar day t . 

Ana. bhr. 48m. 49*536^;. 



DUODECIMALS. 



100. In decimals we have seen that the figuiee 
decrease in a tenfold ratio, from the left towards the 
right. 

In duodecimals, this decrement goes on in a twelvefolii 
ratio. 

The different denominations are the^io* (/) the/wtow, 
or inch ('), the second ("), the third ("% the fourt\ (""), 
the ///A C""), and so on. 

Thus, 7/, 6', 3", 4'", 5"", is read 7 feet, 6 pimes, 3 
seconds, 4 thirds, 5 fourths. 

The accents used to distinguish the denominations be- 
low feet, are called indices. 

Taking the foot for the unit, we have the foUoving 
relations : 

r -^ of 1 foot. 

1" =tV of tV of 1 foot=TiT of 1 foot. 

1 " =tV of tV of tV of 1 foot^TrVr of 1 foot. 

1""=:tV of tV of tV of tV of 1 f00t=:TrhT of 1 foOC 

*c. &c. &c.^ . Ac. 
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ADDITION AND SUBTRACTION OF DU0DECIMA18. 

101* Addition akd Subtraction of duodecimalf, an 
performed like addition and subtraction of other denom- 
inate numbers, remembering that 12 of any denomination 
make one of the next greater denomination. 

h dedmali how do figtiray dtoreaae fh)m the left towvd the right 1 ht doodeei- 
Bah how do they decreoM 1 What an the difTerent denominationt efatiodeeiinalit 
What are the acoenu called whieh an need to distinguish the differeat deaiominatioMi 
Wow the foc«1 Bow ie additioa and nhtiactioo of duodecimal! petfonnedl 

EXAMPLES. 



i'# 



(1.) (2.) 

17/ r 8" 365/ 1' 7" 9 

25/ 0' 2" 621/ 10' 10" 11'" 

30/ lO' II" 605/ 8' 8"* r" 

29/ 6' 6 " 731/ 3^ 0^' 8' " 

103/ 1' 3 ^^ 2224/ 0' 3" 5 "' 

3. What is the smn of 3/ 6' 4", 8/ 3' 4", 9/ 1' 3", and 
*0/10' 10" 1 An^. 31/9'9". 

4. What is the sum of 100/ 8' 8'', 135/ 0' 1", 65/ 9 
r, 45/ 3' .3'', and 200/ 6' 6" ? Ans, 547/ 3' 8". 

(5.) (6.) 

From 87/ 3' 4" 100/! 10' 10" 

Subtract 35/ 8' 9" 90/ 6' 3" 

Remainder 51/ 6^ 7 " 10/ 4' r 

7. Prom 25/ 6' 6" subtract 18/ 9' 10''. 

Ans. 6/ 8' 8«. ^ 
a Prom 100/ subtract 5^. 2' 1". Ans. 41/ 9' 11''. 

Digitized by VjOOQIC 



192 BLBMJBNTA.ET AEIIBMBTIO. 



MULTIPLICATION OF DUODECIMALl 

103. Suppose we wish to multiply 14/ 7' by ^ 3 
v/e should proceed as fi^ows : 
14/' V 
2/ 3 ^ 

3/ r 9" 
29/ 2^ 

iifw. 32/ 9^ 9 ^^=32/+Aofafoot+Th'Q^^fa'^ 

EXPLANATION. 

We begin on the right hand, and multiply the muldpli- 
cand through, first by the primes of the multiplier, then . 
by the feet of the multiplier, thus : 8' x 7'=t\ x -ft'=iV? 
of a foot, which is 21"=!' 9" ; we write down the 9",and 
reserve the T for the next product ; again, 14/1 x 3' =14 X 
A=^f of a foot, which is 42' ; now adding in the I', 
which was reserved from the last product, we have 43'= 
3/ 7', which we write down, thus finishing the first liw 
of products. • J 

Again, we have 2/x7'=2xTV=+f of a foot, which 
is 14'= 1/2'; we write the 2' under the primes of the 
line above, and reserve the 1/ for the next product; 2/x 
7 4/ =28/, to which, adding in the 1/ reserved from the 
last product, we have 29/, which we place underneath 
ihe feet of the line above. ^ Taking the sum, we find 32/ 
9' 9", for 4;he answer. 

From the above we infer, that \f we consider the in^ 
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0f the feet to be 0, then the denomination of each product 
unU h denoted by the sum of the indices of the factors, 

TbxiB,feet by feet, produces feet ; feet hy primes, pro* 
duces primes ; primes by primes, produces seconds, &a 

Hence, to multiply a number consisting of feet, inclM^, 
seconds, &c.y by another number consisting of like quan 
titiei, we have this 

RULE. 

Place the several terms of the multiplier under the car^ 
responding ones of the multiplicand. Beginning at the right 
hand, multiply the several terms ef the multiplicand by the 
meral terms of the multiplier successively, placihg the 
right-hand term of each of the partial products under its 
multiplier ; then add the partial products together, observing 
to carry one for every twelve, both in multiplying and add- 
ing. The sum of the partial products will be the answer 

lipMt this Bak. 

EXAMPLES. 

I, What is the product of 3/ 7' 2" by 7/6' 3"! 

OPERATION. 

3/ 7' 2" 

7/ 6^ 3 '^ 

10" 9"' 6"" 

1/ 9' 7" 0"' 
25/ 2' 2'' 

Ans. 27/ 0^ 7" r' 6 ""' 
17 "■ 
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2. Multiply 7/ 8' by 6/ 4' 3"? Ans. 48/ 8' 7". 

3 Multiply 6/ 9' 7" by 4/ 2' 9 iliw. 28/ 3' 11" 2'". 

4. What is the area of a maiMe slab, whose 1^:^^ ib 
7/ 3', and breadth 2/! 1 1' ? Ans. 21/ 1' 9". 

6. How many square feet are contained in the floor of 
a hall 37/ 3' long, by lOf. V wide % Ans. 394/ 2' 9''. 

6. How many square feet are contained in a gaiden 
100/ 6' in length, by 39/ T in width ? Ans. 3978/ 1' 6". 

7. How many yards of carpeting, one yard in width, 
will it require to cover a room 16/! 5' by 13/ 7' ? 

Ans. 24y<f.6/ ll'll". 



REDUCTION^OJ CURRENCIES. 

103 • Before the adoption of Federal money in this 
country, accounts were generally kept in the dencMnina- 
tions of English money. Different States considered the 
pound as having different values, as given in the following 

TABLE. 

f 1 in England =4^. ^d.^£-f^, called Sterling money, 
•lin J ^^^^^ Carolina > =4*. 8J.=je-^, called Geoigi* 

\ Georgia S currency. 

5 Canada > = 5^.=^i, called Canada cur 

' Nova Scotia ) rency. 

'New England States" 
gj, . J Virginia ^ =6^. =£-ft-, called New 

"^ Kentucky . England currency. 

.Tennessee 
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II in^ 



New Jersey 
Pennsjrlvania 
Delaware 
_ Maryland 
fNew York 



=7^. 6d.=£% called Pennsyl- 
rania currency. 



{New York "| ^ ^ ^ „ , ^r ^^ • 
Ohio l=8..=£fcaUedNewYoik 

North Carolina/ *^""*'^°y- 

Hoir were aficoaste liept before tb« adoptioa of Federal money 1 Did all the SUtee 
Mttmate tlie pound at the tame Talue 1 What fraction of a jC is tl in Sterling montoy t 
Wlnt part of a i5 i« tl in Cieorgia currencyl What part of a i> is tl Canada eiineneyl 
What part of a jC is tl New England cumnoy 1 What part in Pennsylvania eiir> 
Nocy 1 What port in Now York currencyl 



CASE L 

104* To reduce Federal money to pounds, shilliirgSi 
and pence, we obviously have this 

RULE. 

Multiply the sum in Federal money hy the value of $1 
expressed in the fraction of a pounds as given in the above 
Tahle ; the product will be pounds. If there are decimals 
of a pound, they must be reduced to skiUings and pence by 
Rule under Art. 99. 

What ii the fiaetion by which we multiply Federal money to reduce it to Sterling 
Bumey 1 What fraction do we multiply to reduce it to Georgia currency 1 What k 
the fraction for Canada currency 1 What f^^r New England currency 1 What tat 
tansylrania currency 1 What for New York currency 1 If in the product thiM 
tm AieiBals of a pound, how do you dispose of them 1 

EXAMPLES. 

.. Beduce $100-2(1 to the different cxirrencies, as given 
in the preceding TabUil 
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Ans. 9100-20=^ 



£ s. d 

'22 10 lOi- Sterling money. 
23 7 7-J- Georgia currencj). 
25 10 Canada currency. 
30 1 2f N^w England currency 

37 1 1 6 Pennsylvania currency. 
40 1 7i New York cunency, 

2. Reduce $37*37 to the different currencies 

£ s. d. 
' 8 8 1'98 Sterling money. 

8 14 4*72 Greorgia currency. 

9 6 10-2 Canada currency. 
11 4 2;64 New England currency 
14 3-3 Pennsylvania currency. 

_14 18 11-62 New York currency. 

3. Reduce $1000 to equivalent values in the differeni 
currencies. 

£ 

'225 Sterling money. 

233 6^. Bd, Georgia currency. 

250 Canada currency. 

300 New England currency. 

375 Pennsylvania currency. 

,400 New York currency. 



-An^. $37-37=^ 



Ans. $' J00= -< 



CASE n. 



lOS* To reduce a sum in either of the above cunrencwi 
kO Federal money. 

It is obvious, that by inverting the fractions which te- 
press the value of $1 in pounds, as given in the prece&g 
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teble, we shall obtain the value of ;^1 in dolidurs. Cod* 
^uently, we deduce this 

RULE. 

«• Reduce the shillings and peneey if any ^ to a denmal 4ff 
•pound, hy Rule under Art. 99* 

11. Multiply the pounds and decimals, if any, by the 
fractions of the preceding table^ after inventing them ; the 
products will be in dollars and decimals of a dollar. 

By what ft»ction mutt we multiply Sterling money to redaoe it to Federal m<riey 1 
Wbat ftaetion do we multiply by to reduce Georgia currency to Federal money 1 By 
vbatdo we multiply to reduce Canada omieney 1 By what to reduce New England 
CBReaey t By wbat to reduce Penmylrania currency 1 By what to reduce Ntw ' 
Tork eonency 1 

EXAMPLES. 

1. Reduce ^75 15^. 6d, of the respfective currencies 
mentioned in the preceding table, to Federal money. 

JS75 15^. 6i.=£T5-775, which multiplied by the re- 
spective fractions ^, -V*, f, -Vj h ^^^ f > ^ves the follow- 
ing answer* 

" Sterling money = $o3b77-f. 

Georgia currency = 324-75. 

Canada currency = 303-10. 

New England currency= 252-58'|-. 
Pennsy^lvania currency = 20206|. 
_New York currency = 189*43^ 

^ Reduce JE80 5^. Zd. of the different currencies to 
I money. 

17* r- T 
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Ans. £80 5s. 3d, ^ 



AM.£iOOO.^ 



' Sterling money =t35G-722|l 

Georgia currency = 343*982^. 

Canada currency = 321 05. 

New England currency= 267-54lf 
Pennsylvania currency = 21403H* 

.New York currency = 200*666^. 

iS. Reduce j^lOOO of the different currencies to Fecleiil 
money. 

" Sterling money =$4444-4441. 

Georgia currency = 4285*7 14f 

Canada currency -^ = 40CfO. 

New England currency= 3333333^. 
Pennsylvania currency = 2666-666f. 
.New York currency = 2500. 

106. The following are the rates at which some rf 
the foreign coins are estimated at the custom-houses d 
the United States ; . 

English j^ $4-84. 

Ldvre of France fOlSJ. 

Franc of do $0-18J. 

Silver RouMe of Russia $0-75. 

Florin or Gaildef of the United Netherlands $0-40. 

Mark Banco of Hamburg $0*35. 

Real of Plate of Spain ....... $0*10. 

Real of Vellon of do $0-05. 

Milrea of Portugal $M2t 

Tale of China $1-48. 

Pagoda of India $1*84 

Rupee of Bengal $0 50. 

Specie dollar of Sweden and Norway . . fl'OG. 

Specie dollar of Denmark $105. 
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Thaler of Prussia and N. States of Germany $0*69. 
Florin of Austrian Empire and City of 

Augsburg, $0-48^. 

Lara LomBardo-Venetian Kngdom and of 

Tuscany $0-16. 

Ducat of Naples $0-80. 

Ounce of Sicily $2-40. 

Poundof British Provinces, Nova Scotia, New 

Brunswick, Newfoundland, and Canada . $400. 

Rix-doUar of Bremen $078|v 

Thaler of Bremen $0-71. 

Ml-ieis of Madeira $ 1 00. 

« of Azores . $0-83+. 

Rupee of British India $0'44|. 



RULE OP THREE. 



107 • The quotient arising from dividing one quantity 
by another of the same kind or denomination^ is called a 
9 ratio. 

Thus, the ratio of 

12 to 2=V=6. 
12 to 3=V=4. 
12 to 4=V=3. 
12 to 6=V=2. 
12 to 12=+|=:1. 
Hence, we see that the ratio of two quantities show* 
W many timea greater tl^e one is than the other. It it 
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theref(»re evident, that there cannot exist a ratio betveei 
two quantities of diflferent denominations. There is no 
ratio between 12 feet and 3 pounds, for we cannot sa) 
how many times 12 feet is greater than 3 pounds, fiut 
there is a ratio between 12 feet and 3 feet, which is 

3/*.-*- 
• There is the same ratio between 12 pounds and 3 
pounds. The ratio is itself an abstract number ; it is not 
a denominate number. The ratio of 12 feet to 3 feet is 4 
units simply ; it is neither 4 feet nor 4 pounds, but simply 
4 times 1 ; showing that 12 feet is 4 times as great as 3 
feet. In this way we find 

The ratio of 10 yards to 5 yards = ^-=2. 

" 8 inches to 4 inches = *f =2. 

" 7 ounces to 3 ounces = ^ =2-i-. 

« 5 bushels to 2 bushels = f =2^. 

" 7 rods to 4 rods =f=lA 

" 9 cords tp 4 cords = -J =2^^. 

" 40 acres to 18 acres =fJ=-V^=2f 

When the ratio of two quantities is the same as the 
ratio of two other quantities, the four quantities are in 
proportion. Thus, the ratio of 8 yards to 4 yards, is the 
same as the ratio pf 12 dollars to 6 dollars ; therefore, 
there is a proportion between 8 yards, 4 yards, 12 doUaiB, 
and 6 dollars. 

The usual method of denoting that four terms are in 
proportion, is by means of points, or dots. Thus, the above 
proportion is written 

8 yards : 4 yards : : 12 dollars : 6 dollars j 
in which two dots are place 4 between the first and second 
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tcnns, and between the third and fourth ; and four dota 
between the second and third. The proportion is read 
8 yards is to 4 yards as 12 dollars is to 6 dollars. 

Of these four terms, the first and fourth are called em* 
tremes; the second and third are called means. 

Since in a proportion the quotient of the first term divided 
by the second, is equal to the quotient of the third term 
divided by the fourth, we have, using the above proportion, 

8 yards ^ 12 dollars ) or, which i. rtiu ««• .i«pi, J^_l^ 
4 yards 6 dollars ) «pw«ed. ^4 g • 

If we reduce these fractions to a common denominator, 
(Aet. 40,) they will become 

8x6 12x4 . . . ^ 

, — -=-z — :, or, omittmff the com- 

4x6 6x4' ^ 

men denominator 4x6, which is in effect multiplying 

each fraction by 4x6, we h&ve 8x6 or 48=12x4 or 

48 ; that is, the product of the extremes ts equal to the pro* 

duct of the means. 

. . 8x6=48 , ,8x6=48 .^ 

Agam, =4, and =12. 

'12 \ 4 

Hence, if the product of the extremes be divided by Other 

meos, the quotient will be the other mean, 

■ . 12x4 . J 12x4 _ 

Agam, =6, and =8. 

8 6 

Hence J if the product of the means be divided by either ex- 
treme^ the quotient wiU be the other extreme. 

From the above properties, we see that if any three 
of the four terms which constitute a proportion are given, 
the remaining term can be found. 

14I8* The method of finding the fourth term of a pro- 
portion, when three terms are given, constitutes the 'Rvlk 
OP Three. 
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What it tiie qaotient arisipg from dividing om number by another of the tame kaA 
eaUedl What is the ratio of 12 to 2 1 Of 12 to 31 Of 12 to 41 What does tU 
ratio of two qaantitie* diow 1 Can a ratio exist between two quantities of diflenBt 
denominations 1 Is there a ratio between 13 Seti and 3 pounds 1 Can tiie ratio bs a 
denominate number ? How are four quantities related when the ratio of the fint ts 
the second is the same as the ratio of the third (o the fourthi Which are eaQed u- 
tremes 1 Which are called means 1 To what is tiie ptodoct of the extremss eqall 
If the product of the extremes be divided by one of the means, what wiU the qnotiert 
ht t How many terms of a i»oportioa most be known in order to find the othen? 

1. Let US endeavor to find the value of 24 yards of cloth, 
on the supposition that 8 yards are worth $12. 

It is obvious that the value sought must be as many 
times greater than $12 as 24 yards is greater than 8 yards. 
Hence, there is the same ratio between $12 and the vake 
fought^ as there is between 8 yards and 24 yards. Con- 
•equently, .we have this proportion : 

8 yards : 24 yards : : $12 : value sought. 

Taking the product of the means, we have 24 x 12= 
288. This, divided by the first term, gives -^=36 for 
the fourth term sought, which must be of the same kind as 
the third term; therefore, $36 is the value of 24 yards. 

Note. — ^When we take the product of the means we do not mnl- 
tiply the 24 yards by 12 dollars, but simply multiply 24, the number 
denoting 'he yards, by 12, the number denoting the dollars. The pro- 
duct, 288, is neither yards nor dollars, but 288 units. When we difiie 
this product by the first term of the proportion, we- do not divide 
by 8 yards, but simply divide by 8, the number dinoting the yards. 
The quotient, 36, gives the fourth term of the prop^ion ; and since 
the fourth te^rm is of the same denominate value as the third term, 
oar fourth term, or answer, must be 36 dollars. 

2. What will 312 pounds of coffee cost, if 25 poundi 
cost $3-25 ? 

In this example, the ratio of 25 pounds to 312 pounds, 
18 the same as the ratio of $3 25 to the number of dollan 
■ought. Hence, 
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25 pounds : B12 potinds : : $3*25 : the answer. 

312 

660 
325 
* 975 



25)10l400($40-56 

100 < 

140 
125 

Iso 

150 



Here w^e first multiply the means together ; we then 
divid^ the product by the first 4£rm. 

Bince there ii^a ratio between the third and fourth terms 
it follows that they must*be of the same ddnpminate value. 
Hence, of the three quantities given, we may always take 
for the third term of our proportion the quantity which is 
of ^e same kind as the answer required ; then, if the 
answer sought is to \q greater than this third term, the 
second term must exceed the first ; but if the answer 
sought is to be less than this third term, then the second 
term must l^e less than the first. 

109« From what has been said and done, we deduce 
this first form for the 

RULE OF THREE. 

/. Form a proportion by placing for the third term, the 
quantity which is of the same kind as the answer sought; 
the two remaining quantities must be taken for the first and 
second terms, observing to take the larger of the two quantities 
^or the second term, when the answer sought is to exceed the 
third term ;' but to take the smaller of the two quantities for 
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the second term^ when the answer is to bd less than the ikut^ 
term. 

11. Having written the three terms of the proportion^ or, 
as usually expressed, having stated the question^ then muUiplfl 
the second and third terms together j and divide the prodnet 
by the first term. 

Note. — Since theje is a ratio between the fii;st and seeond tenns, 
they must be reduced to the same denominate value. Also, the 
third term must be reduced to its lowest denomination; thendtf 
quotient found by dividing the product of the means by the first 
term, will be of the same denomination as the third term. 

In stating questions in the Rule of Three, which quantity must be taken for tbi 
third tennl Of the two remaining quantities, which is to b6 taken fat theassaod 
terra 1 After the question is stated, how do you proceed to find Uie answer 1 b 
it ever necessary to make any reduction in the terms before muRiplyiiig and diTidngt 
What are these reductions 1 The answer when found, will be ofthp mae vam •• 
which term 1 ♦ * 

EXAMPLES. 

1. What is the cost of 6 cords of wood, at $7 fa* 
cords? 

2 cords : 6 cords : : $7 : Ans. 

2)42 

Ans. $21 

2. What will 9 pair of shoes cost, if 5 pair cost & 
25. 6d.? 

5 pair : 9 pair : \ £2 2s 6d. 
When reducei, 5 pair ; 9 pair : : 5\0d, 

. 9 

5 )4590 
Ans. 9l8d.=z£Z I6s.6l 
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3. If there are 9 weeks in 63 days, how many weeks 
ai» there in. 365 days ? 

63 days : 365 : : 9 weeks. 

9 

1. 

63)3285(52^=524 weeks. Ans, 
olo 

135 
126 

9 . 

4. £f a railroad car goes 17 niles in 45 minutes, how 
far will it go in 5 hours ? 

45 minutes : 5 hours : : 17 miles, 
or 45 '^ ; 300 minutes : : 17 « 
17 
• ' 2100 
300 



45)5100(1134 miles. Ans, 

60 
45_ 
150 
135 

15 

5. If $100 will gain $7 in one year, how long will it 
require to gain $100? Ans, 14f years. 

6. If 3 paces or common steps of a person is equal to 
2 yards, how many yards will 480 paces make T 

Ans. 320 yards. 

7. If 15 men can raise a wall of masonry 12 feet in one 
/eek, how many will be necessaiy to raise it 20 feet in 

the same time? , Ans. 25 men. 

8.^ If 5 tons o' coal, of 2000 poimds each, will last Z\ 
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moHths of 30 days ^^ch, how much will be consumed in 
3 weeks, or 21 days? Ans. 1 ton, or 2000 pounds. 

9. If 9^ bushels of wheat make 2 barrels of flour, how 
many bushels will be required to make 13 barrels? 

Ans. 61f bushels. 

10. If a steamboat of 242 feet in length move 15 mila 
in one hour, how many seconds will it require to move iti 
own length? Ans. A\ seconds. 

11. If a steamboat of 242 feet in length move 15 nilei 
an hour, how many times its own length will it move in 
11 hours? ' Ans. 3600 times. 

12. A reservoir has a pipe capable of discharging 30 
gallons in one minute, what time will be necessary to dis- 
charge 15 hogsheads ? Ans. 31 J minutes. 

13. If a man can mow 9 acres of grass in 3^ days of 
10 hours each, how long will it require for him to mow 
21 acres? Ans. 8^ days. 

14. If 100 pounds of galena, or lead ore, jdeld 83 potmds 
of pure metal, how much pure metal will 7 tons of galena 
produce, if we reckon 2240 pounds to the ton ? 

Ans. 130141 pounds. 

15. If 12 barrels of flour are worth $54, whatisths 
value of 42 barrels at the sam^rate? 

12 barrels : 42 barrels : : $54 

J2 

108 
216 



12)2268(189 dollaw. Am. 
12 

106 

108 
108 
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In this example, it is obvious that 2 times 12 barrels 

would be worth 2 times $54 ; 3 times 12 barrels would be 

worth 3 times $54 ; 4 times 12 barrels would be worth 4 

times $54. These ratios 2, 3, 4, may be expressed by 

2x12 24 3x12 36 4x12 48 

— ■ — = — > = — ) = — ; and m a 

12 12 12 '12 12 12' 

similar manner, the ratio of 42 banels to 12 barrels is ftf- 

If we multiply $54 by this ratio, it wilj give the value 

of 42 barrels. The operation may be expressed thus : 

t54x+f. We may now, simphfy this expression as by 

Art. 39* Thus, dividing the denominator 12, and the 

numerator 42, each by 6, the expression becomes 

7 

$54x-, or$54x|. 
it 
2 

Cancelling the denominator 2 against a corresponding 
factor of Iho numerator 54 (=■¥■)) we have 
27 7 
$4 X i> or $27 X 7=$189. Arts. 

J6 What will 84 bushels of apples cost, if 14 bushels 
are worth $675 ? 

The ratio of 84 bushels to 14 bushels is \^, Now, mul- 
tiplying $675 by this ratio, we have 
$675 Xii. 
Dividing 84 of numerator and 14 of the denominatoi 
each by 7 we obtain 

12 ^ 

$6-75 x^, or $6-75 X J/-. 
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Again, dividing 12 of numerator and 2 of denominaUM 
each by 2, 

6 

$6-75 X J or, $6 75 x 6=$40-50. Ans. 

From these two examples, we see that the Rule of Three 
may be given in the following simple form • 



RULE OF THREE. 

Of I he three quantities which are gtveriy one will dlwaysU 
if the same kind as the answer sought ; this quantity viU he 
the third term. Then, if by the nature of the question^ tht 
answer is required to be greater than the third term, divide 
the greater of the two remaining quantities by the less, for a 
ratio ; but if the answer is required to be less than the thki 
term^ then divide the less of the two remaining quantities hf 
the greater, for a ratio. Having obtained the ratio, muUiplff 
. the third term by it, and it will give the ansfoer in the sami 
denomination as is the third term. 

Note. — ^Before obtaining the ratio, by meTans of the first two 
J terms, we mast reduce them to like denominations. 

17. If 200 sheep yield 650 pounds of t^ooI, how man/ 

poimds will 825 sheep jrield? 

' In this ex2unple, the answer is required to be in poundi ; 

we therefore take 650 pounds for the third term. Tbi 

ratio of 825 sheep to 200 sheep is fH' Hence we hate 

6501b. xm- 

Cancelling, we have 

Digitized by VjOOQIC 



ftULB OP THREE. 209 

33 

^^OU). X —z or, 650Z6. x V- 

8 
Again, cancelling^, we have 

$ 4 

4 ' 

IJ. If W of a pound of sugar cost ^ of a smiling, how 
mTich will -jft^ of a pound cost ? 

In this example, our third term is ^f of a shilling. And 
sinai A of 21 pound is less than ^^ we must obtain our 
ratio by dividing -^ by -J-J, which gives -^ x -J-f-. Mul- 
tiplying the third term by this ratio, we have |f of a shil- 
ling X A X+f. To reduce this with the least labor, we 
must resort to the method of cancelling. Thus, cancel- 
ling the 23, which occurs in both numerator and denomi- 
nator, also 13 of the numerator against a correspondmg 
factor of the 2Q of the denominator, our expression will be- 
come i of a shilling x -f- X -i4-= A o^ ^ shilling. 

Note. — This method of cancelling should be used when the 
aatnre of the question will admit, since it will always simplify the 
operation 

19. If a tree 38 feet 9 inches in height, give a shadow of 
49 feet 2 inches, how high is that tree which, at the 
same time, casts a shadow of 71 feet 7 inches ? 

In this example, our third term is the height of the first 
tree, which is 38 feet 9 inches =38^ feet=J-p^ feet : oui 
ratio will be obtained by dividing 71 feet 7 inches =71 -ft 
feet =W^ feet, by 49 feet 2 inches = 49i feet =2fft feet: 
which thus becomes ^ff- x tIt- Multiplying the third term 
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by this ratio, we have -^ feet x -W" X tIt- Cancelling 6 
of the numerator against 6, a factor of the 12 of the de- 
nominator, also cancelling 5, a factor of 155 of the nu- 
merator, against 5, a factor of 295 of the denominator, w? 
get ^ feet x H^ X ■5V=-^ffl^=56iff feet, for the answer. 

20. If 3i poimds of coffee cost 2+ shillings, how much 
will 10}- pounds cost ? ' 

In this example, 2^=-f shillings must be our third term; 
and since 10-J-=V" pounds must cost more than 3|=| 
pounds, we must divide ^hyi for the ratio ; makmg it 
Vxf. Multipljring the third term bj this ratio, i\e ob- 
tain 4 shillings X V X f ; which, after cancelling, becomes 
f of a shillingx V=V' shillings=6f shillings. 

il. Gave $72 for 11 barrels of fish. How /much will 
88 barrels cost at the same rate ? Ans. $576. 

22. If 43 i pounds of cheese cost $2*20, what will 216J 
pounds cost at the same rate? Arts. $11. 

23. If 'I pay $300 for sawing 7 Aords of wood, how 
much ought I to give for sawing 23^ cOrds ? Ans. $13. 

24. If T^ of a ship is worth $2853, what is the whob 
worth ? 

The ratio of the whole ship, or |f , to -ft-, is 4^. Heoee, 
$2S53x-V=$951 x 10-$9510 Ans. 

25. If ^ of my income is, $533, what is my whole 
income? Ans. $1732*25. 

26. A person failing in business, finds that he owes 
$7560, and that he only has $3100 to pay it with. Hov 
much can he pay to that creditor whose claim is $756? 

, Ans. $310. 

27. If it require 5^ bushels of wheat to make on^ banel 
of flour, how many bushels will it require for 100 banels 
of flour ? . Ans. 550 bushels. 
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28. If 7 barrels of flour are fiuffi(jient for a family 6 
months, how many barrek will they require for 11 
months? Ans. 12f barrels. 

29, If it take 25 yards of carpeting, a yard wide, to covei 
a certain floor, how many yards of -f carpeting would be 
DBoessaiy to cover the same floor % Ans, 33i yards. 

^0. If a person travel 8 miles in 10 hours, how far will 
he travel in 5 days, by traveling 8 hours each day ? 

Ans. 32 miles.V 

31. If 35 pounds of feathers cost $15, what will 100 
pounds cost at the same rate ? Ans. $42*85^. 

32. If a man perform a certain piece of work in 18 
days, when he works 8 hours per day, how many days 
▼ill he require if he work 10 hours each day ? 

Ans. 14 days, 4 hours. 

33. If a piece of board 12 inches wide and 12 inches 
long make one square foot, how many inches of length 
must be tak^i from a board 15 inches wide to make a 
square foot ? Ans. 9f inches. 

34 If 8 men can mow a field in 5 days, in how many 
days can 5 men do the same ? ' Ans. 8 dajrs. 

35. If 27 j yards of cloth cost $60, how many yards 
can I buy fcr $100 9 Ans. 45f yards. 

36. If 27i yards of cloth cost $60, what will 45f yards 
cost? Ans. $100. 

37. If f of a ship is worth $9000, what is her whole 
value % 

The whole ship being a imit, or •}, we have the ratio | ; 
hmice, the answer is $9000 xf =$14400. 

38. If ^ of a city lot is^sold for $500, what would ^ 
of the same lot sell for at the same r^Xi^l^^ns. $1166|. 

89. Admittmg that the earth moves in its orbit about 
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the sun, a distance, of 597000000 miles, in 365 days 6 
hours, how far on an average does it move in each hour! 

, Ans. 68104y{f y miles. 

40. The equatorial portions, by the diurnal rotation o 
the earth, moves about 24900 miles each day ? How ftw 
is that in each hour? Ans. 1037|^ miles. 

41. If it require 10 years of 365+ days for light to paw 
from a fixed star to the earth, how many miles distant is 
it, on the suj^sition that light moves 192000 miles in 
ane second? Ans, 60590592000000 miles. 

42. If by a leak of a ship i enough water run in, in 4 
hours, to sink her, bow long can she survive ? 

Ans. 6hr. 40m. 

43. If I pay $J?5 for the masonry of 4000 bricks, ho« 
much ought I to pay for the work which requires 100006 
bricks? Ans. $625. 

44. If a steam-ship require 14 days to sail a distance 
of 3000 miles, what time, at the same rate of sailing* 
would she require to sail 24900 miles ? 

Ans. 116 days 4 J hourt. 

45. Admitting the diameter of the earth to be 8000 
miles, and the highest mountain to be 5 miles, what ele- 
vation must be made on the globe of 16 inches diameter 
to represent accurately the height of such mountain ? 

Ans. i^Tf of B.n iach. 

46. If $100 in 12 months bring an interest of $7, how 
much will be the interest of $100 for 8 months ? 

^n*. $4-66|. 
47 If the interest of $100 for 12 months is $7, what 
will be tne nterest of $75 for the same time? 

Ans. $5» 
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48. If in 12 months the mterest of $100 is $7, how 
hng must $100 be on interest to gain $10 ? 

Ans, 17f months. 

49. If a glacier of 60 miles in length move 50 inchei 
per annum, in what time will it move its whole length ? 

Ans. 76032 years. 

50. If a staff of 10 feet in length give a shadow of 15 
feet, how high is that tree whose shadow measures 90 
feet ? . > i Ans. 60 feet. 

51. Suppose sound to move 1100 feet in a second; 
how many miles distant is a cloud, in which lightning is 
observed V6 secpnds before the thunder is heaid, no allow- 
ance being made for the motion of light ? Ans. 3^ Ailes. 

52. If it require 30 yards of carpeting which is f of a 
yard wide to cover a floor, how many yards of carpeting 
which is 1-J- yards wide will be necessary to cover the 
same floor? Ans. 18 yards. 

53. If the earth move through 12 signs, or 360° in 365^ 
days, how far will she move in a lunar month of 29|- days? 

Ans, 29-^gV degrees. 

54. Suppose a steamboat capable of making 15 miles 
each hour, to move with a current whose velocity is 2 J 
miles per houir, what will be tb^. whole distance made 
during 13i hours? And what distance will the boat 
move in the same time against the same current ? 

Ans ^ ^^^^ ^^® currept, 236i miles. 
'^Against the " 168^ « 

55. If the magnetic influence move through the tele- 
graphic wires at the rate of 200000 miles in one second of 
time, how many times could it pass around the world in 
9ne second, allowing the circumference of the earth to be 
24899 miles ? Ans. S^Hfr times 
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56. If A can do a piece of work in 7 days, and B cu 
do it in 8 days, what part of it can both do in 3^ days? 

Ans. ^ of it. 

57. A reservoir, whose capacity is 1000 hogsheads, has 
a supply pipe by means of which it receives 300 gaUooi 
each, hour ; it also has two discharging pipes, the first of 
which discharges {■ of a gallon ea<^h minute, the second 
discharges \\ gallons per minute. The reservoir being 
empty, in what time will it be filled if th« supply i^ 
alone is opened ? In what time, if the supply pipe and 
the first discharging pipe are opened ? In what time, if 
the supply pipe "and the second discharging pipe? And 
in what time, if all three are opened ? 

'Supply pipe only opened, 210 hours = 8 J days. 
" "and 1st dis.iMpe,252 " =10+ « 
" " " 2d, " « 280 « =11| 



Ans.-i 



a 



«lstand2d« " 360 « =15 « 



COMPOUND PROPORTION. 

IIO. When the quantity required depends upon mow 
than three terms, the operation of finding it is called the 
Rule of Compound Proportion, 

Suppose we have the following example : 

If 6 men can mow 30 acres of grass in 5 dajrs, tfy work- 
ing 8 hours each day, how many acres can 4 men mov 
in 9 days of 10 hours each ? 

Had the number of days, as well as hours in each day,' 
been the same in both cases, the question would have beeu 
equivalent to the following : 
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If 6 men mow 30 acres of grass, how many acres will 
4 men mow ? 

It is evident the number of acres sought would be the 
same fractional part of 30 acres that 4 men is of 6 men ; 
that is, the quantity required is 

f of 30 acres. 

If, now, we take into account the number of days, still 
supposing the number of hours in each .day to remain the 
same in both cases, our question would become : 

Iff of 30 acres can be mowed in 5 days, how much can 
be mowed in 9 days?; 

The answer in this case is obviously 
f of ^ of 30 acres. 

Now, teiking into account the number of houis in each 
day, our question will become as follows : 

If i of f of 30 acres can be mowed in a certain time, 
when 8 hours are reckoned to each day, how much could 
be mowed when 10 hours are reckoned to each day? 

This leads to the following final result : 
-y^off of iof SOacres. 

By cancelling, we reduce this last expression tO'45 acres. 
From the above work we see that questions of Compound 
Proportion may be solved by the following 

RULE. 

Among the ^antUies given^ there will he but one like the 
ftnswer, which one we will call the odd quantity. The other 
quantities will af>pear in pairs or couplets. Form ratios out 
rfeach couplet in the same manner as in the Rule of Three 
then multiply all the ratios and the odd quantity together 
^nd this wUl give the answer in the same denomination as 
^ 9dd quanttif. 
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Note — ^Before fonning ratios from the conplets, they mmt be 
ledaced to the same denominate value. 



EXAMPLEa 

1. K a p*^rson travel 300 miles in 17 days, traveling 
onlj 6 hours each day, how many miles could he have 
gone in 15 aays, hy traveling 10 hours each day? 

In this example, the answer is required in miles, there- 
fore our odd term is 300 miles ? 

The first couplet consists of days ; and since in IS.days, 
other things being the same, he could not travel as far as 
in 17 days, we must divide 15 by 17, which gives |4 for 
the first ratio. 

The second couplet consists of hours ; and since in 10 
hours he could travel farther than in 6 hours, we must 
divide 10 by 6, which gives ^ for the second ratio. 

Multiplying these two ratios and the odd term together, 
we get 300 miles X-Hx-V"- Cancelling the 6 of thede- 
nciAinator against 6, a factor of 300 ( =-2^) of the numer- 
ator, we have 50 x+f X-S°^=441t^ miles, for the answer. 

2. If a marble slab 10 feet long, 3 feet wide, and 3 
inches thick, weigh 400 pounds, what will be the weight 
of another slab, of the same marble, whose length is 8 
feet, width 4 feet, and thickness 5 in(Thes ? 

In this example, the answer is required to be given in 
pounds ; therefore 400 pounds is the odd term. The first 
couplet consists of the lengths ; and since 8 feet in length 
will give less weight than 10 feet, we must divide 8 hj 
10, which gives i^ for the first ratio. 

The second couplet consists of the widths ; and since 4 
feet wide will give more weight than 3 feet, we must di- 
vide 4 by 3, which gives \ for the second ratio. 
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rhe third couplet consists of thicknesses ; and since i 
inches thick will give more weight than 3 inches, we jniua 
divide 6 by 3, which gives f for the third ratio. 

Mil.tiplyiiig the odd term and these ratios together, we 
gel 400lbs. X -ft X t X f Cancelling the 1 of the denom- 
inailor against a part of the 400 of the odd term numeratof^ 
weget 40lbs. Xf Xixi=^^^=71H pounds, for the an- 
swer. 

3. 500 men, working 12 hours each day, have been em- 
fdoyed 57 days to dig a canal of 1800 yards long 7 yards 
wide, and 3 yards deep ; how many days must 860 men. 
working 10 hours each day be emlpoyed in digging an- 
other canal of 2900 yards kmg, 12 yards wide, and 5 yaide 
deep, in a soil which is 3 times as difficult to excavate as 
the first ? 

In this example, the odd term is 57 days. 
The different ratios will be, as follows ; 
-|J^^=f| ratio of the men. 
+J= i ratio of the hours, 
ff^^-fl ratio of lengths of the canals. 
Jy*=r ratio of widths of the canals. 
•$r=: ratio of depths of the canals. 
f = ratio of the difficulty in excavation. 
Multiplying successively these ratios and the odd tenoi, 
wehave 

57 daysxlf XfxffxVx^Xf 
Hiis becomes, after cancelling factors, 

19 daysx-ftX^X-^Xf XiX+=:549AV<iays. 

4. 15 men, working 10 hours each day, have employed 
18 da3rs to bxiild 450 yards of stone fence ; how piaxy 
men, working 12 hours each day, for 8 days, will be requi- 
site to build 480 yards of similar fence ? Aits, 30 men. 

5. If it require 1200 yards of cloth f wide to clothe 500 
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men, how many yards which is -J wide will it take to ctetlM 
960 men? Atis, 3291fyaids. 

6. If 8 men will mow 36 acres of grass in 9 days, by 
working 9 hours each day, how many men will be » 
quired to mow 48 acres in 12 days^ by working 12 tiooB 
each day ? Arts. 6 men. 

7. If 1 1 men can cut 49 cords of wood m 7 days, wb«ii 
Ihey work 14 hours per day, how many men will it take 
to cut 140 cords in 28 days, by working 10 hours eacb 
day ? Ans, 1 1 men. 

8. If 12 ounces of wool make 2-i- yards of cloth, thai 
is 6 quarters wide, how many pounds of wool will it take 
for 150 yards of cloth, 4 quarters wide % Arts. 30 pounds. 

9. If the wages of 6 men for 14 days be 84 dollars. 
what will be the wages of 9 men for 16 days? 

Ans. $144. 

10. If 100 men in 40 days of 10 hours each, build a 
wall 30 feet long, 8 feet high, and 2 feet thick, how many 
men must be employed to build a wall 40 feet in length, 
6 feet high, and 4 feet thick, in 20 days, by working 8 
hours each day ? / Arts. 500 men. 

1 1. In how many days, working 9 hours a day, will 24 
men dig a trench 420 yards long, 5 yards wide, and 3 yaida 
deep, if 248, men, working 11 hours a day, in 5 days, dig a 
trench 230 yards long, 3 yards wide, and 2 yards deep^ 

Ans, 288ift^days. 

12. Suppose that 50 men, by working 5 hours each day 
can dig, in 54 days, 24 cellars, which are each 36 feet 
long, 21 feet wide, and 10 feet deep, how many men wculd 
be required to dig, in 27 days, 18 cellars, which are each 
48 feet long, 28 feet wide, and 9 feet deep, provided they 
work only 3 hours each day ? Ans. 200 mea. 
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PRACTICE 

IIL Practice is a short method of finding the answei 
to luch questions in the Rule of Three as have a unit for 
their first term. So named, because in the ordinary prac- 
tical businass of hfe very frequent use is made of it. 

As an example, suppose one bushel of apples to be 
worth 50 cents, what is the value of 18^ bushtis ? 

Had the apples been worth $1 per bushel, it is plain 
that 18i bushels would have been worth $18^, that is, 
tl8-50. Now since 60 cents is just half of one dollw 
they must have been worth half of •18*50 =89-25. 

In order to work by this rule^ we must make use of 
duptot parts. An aliquot part of any thing is an exact 
part. In the above example, 50 cents is an aliquot part of 
tl, since it is exactly half of 81. We will give some 
aliquot parts which are in frequent use, in the following 

TABLE OF ALIQUOT FARTS. 



cd. • 


mo^ yr. 


«. £ 


d.-" 


«. 


so = i 


6 =i 


10 =j 


e 


= 1 


834= J 


4 =i 


6 8rf. =J 


4 


= i 


85 = i 


3 =* 


« =i 


3 


= 1 


20 = i 


3 =J 


4 =] 


2 


= r 


n=\ 


1 =iV 


3 4i.=J 


li 


= i 


13i=4 


\Ma.= \oi\mo. 


3 6i. =i 


1* 


= * 


10 = A 


10 = J « 


3 =A 


1} 


= .v 


8|=T^ 


e =i « 


1 8^.=,!, 


1 


= h d- 


«}=A 


6 =i " 


1 4<f.=TV 


ifar. 


= \oi\. 


5=-- A 


3 =-iV " 


1 =A 


1 


= k " 



WbatisFraetiool What Ii an aliquot pait of any thing ? RepMit all th« aU^vol 
•itiaf a dollar as given in the abore table. Repeat in the same way all the a<kM 
kliviot pai'« of the table. 
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EXAMFLf:8. 

1. Whatwill435yardsof cloth cost, at $075 pefywdl 
435 yards, at $1 per yard =$435. 

435 yards, at 50 cents per yard=^ 6f 8435=217-5()t 
435 yards, at 25 cents per yard=i of $435=108-75. 
435 yards, at 75 cents per yard= $326-25. 

2. What cost t3i pounds of tea, at 5^. 6d. per pound I 

Wb. at 5s. =65^.=£3 5^. 



3lb: at 6d. or is. = 


6 6d. 


ilb. at 5*. = 


2 6 


ilb. at 6d. = 


3 



£ 3 14^. 3 d. 

3. What cost 37 j[ dozen of eggs, at Is. Id. per dozen t 

37cfo2r.at Is. per doz.^37s.=z£\ lis. 

31doz. at 4J. ori^. =12i = 12 4i 
^doz. at 1^. = 6 

\doz. at 4i. = 2 

Ans. £2 10^. 

4. If I receive 7 dollars for the use of 100 dollanii 
one year, how much ought I to receive for the use of lH 
dollars for 7 months, 18 dajrs? 

1 year or 12 months gives $7 

b months equals ^ of a year, gives $3-50 
1 month equals i of 6 months, 6&1 

' 15 days equals -J of 1 month, 29|. 

8 days equals -J- of 15 days, 5f 

. Am. $^31 
6. What cost 7i cords of wood, at $2-76 per coid^ 

Ans. $20-625. 
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6. What is the value of 2&f pounds of butter, at 1 1 
cents per pound ? Ans. $31625, 

7. What is the value of 60QJ- yards of tape, at 2^- cents 
per yard? Ans, |11126125. 

8. What must I give for 13f bushels of oats, at 2^. id 
per bushel? Ans. £l I2s. Id 

9. What cost 18f pounds of ham at 8 cents per pound ? 

Ans, «l-50. 

10. What cost 15f gallons of oil, at $075 cents pel 
gallon? Ans, •11-8125. 

11. What cost 4000 quills, at 92*25 per 1000 ? 

Atis. 99. 

12. What cost 27f yards of carpeting at 6^. 6d, per 
yard? ^ Ans. £9 0^. A^d. 

13. What is the value of 25 bushels of potatoes, at 
«0-31i per bushel ? Ans. 97-8125. 

14. What is the value of 54 spelling-books, at 12it cents 
per copy? Ans. $6*75. 

15. What is the value of 47^ reams of paper, at $3*25 
per ream? Ans. $154-375. 

16. What is the value of 30^ gross of almanacs, at 
$2-25 per gross ? Ans. $68,625. 

17. What cost 16f gallons of vinegar, at Is. id. per 
gallon? Ans. l£2s.4d. 

18. Wnat is the value of 5^ bushels of walnuts, at 8*. 
W. per bushel ? Ans. X2 5s. Ad. 

19. What cost 3^- gross of matches, at $1-125 pei 
gross? Ans. $3-9375. 

20. What cost 325 bushels of apples, at 37^ cents per 
bushel? Ans. $121-875. 

21. What cost 16i yards of cloth, at $3f per yard ? 

Ans. $61-875. 
19» n I 
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32. If the interest on a certain sum of money is $7*35 in 
one year, how much will it be for 5^ months? 

Ans. $3-86|. 

23. If the interest of $100 for one year is $6, how mncb 
is it for 10 months and 10 days? Ans, $5' 16}. 

24. If a steam locomotive pass 18 miles in one hour, how 
far will it move in 50f minutes ? Ana. 15^ miles, 

25. If the interest of $100 for 12 montns is $7, how 
much is it for 4i months ? Ans, f 2*d2{; 

26. What must I pay for H cords of wood, 128 feet m 
a cord, at 6i •ents per foot 1 Ans. $10.00 



PERCEKTAQB. 



113p The term per cent, is an abbreviation of jmt 
centum^ which means by the hundred. 

Thus, 5 out of 100 is 5 per cent. 

6 out of 100 is 6 per cent. 

7 out of 100 is 7 per cent. 
And so for other rates per cent. 

Different rates per cent, are most conveniently expreoM 
by means of decimals. , 

Thus, I per cent, is the same as 01. 

2 « « 002. 

3 « « 0O3. 

4 « ^ . 004. ^ 

5 « « 0-06. 
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In many cases the rate per cent, is very concisely ex* 
pressed by means of a vulgar fraction, as follows : 

1 per^cent.=TjTr* 10 per cent.=TVV=TS'» 

2 *« =TJTr=iV. 20 « =T%=i. 

4 " =Tb=Vr. 25 " =TV^=i. 

5 « =rJTr=^. 50 « =TWr=i. 
Suppose we wish 5 per cent, of $1122, we must tak« 

ffj of it; this is done by multiplying by the decimal 
(H)5. 

OPERATION. 

$1122. 
005 . 
Ans. $5610. 
Hence, to find the percentage of any number, we have 
this 

RULE. 

Multiply the given number by the percentage^ eocpressed in 
decimals^ and the product mil give the percentage sought. 

Vnm wliat it per cent, abbreriated 1 And ^at does it mean 1 5 out of 100 ii 
vbat per eont. 1 6 out of 100 is what per caot.1 7 out of 100 it what per eeal 1 
What if aba decimal exprettion for 1 per cent.1 What for 2, 3, 4, kjt^ per eent 1 
aepMtthe Bttla for fii.4iiif the per cant, of a nnmber 

■/ 

EXAMPLES. 

I. What \a 4i per cent, qf $10000 ? ^ 
4 per cent, is 004. 
\ per cent, is 0005. 
4i per cent. ig*0045 . 
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OPERATION. 
810000 

0045 



50000 
40000 

Ans. $ 450000 

2. What is 1 per cent of $730 ? Ans. $7'3fll 

3. What is 3 per cent, of 5789 pounds ? 

Ans. 173-67tt. 

4. What is 4 percent, of 365 bushels? Ans. HQbu, 

5. What is 4| per cent, of $7503 ? Ans. $3-37635. 

6. What is 7 per cent, of 2345? Ans. 16415. 

7. What is 30 per cent, of $495 ? Ans. $148'50. 

8. A person laid out $222 as follows : he gave 21 pel 
cent, of his money for calicoes; 15 per cent, for thread; 
45 per cent, for silks ; and the remaining 19 per cent, for 
broadcloths. How many dollars did he expend for each? 

" He gave for calicoes, $46-62. 
" thread, • 33-30. 



Ans.M 



silks, 99-90. 



« broadcloths, 42-18. 

9. A merchant having 500 barrels of flour, sold at one 
time 25 per cent, of it, at another time he sold 20 per cent 
of the remainder. How many barrels did he sell at each 
time, and hew man/ remain ? 

fThe first time he sold 125 barrels. 

Ans.-! The second time he sold 75 barrels. 

t He has remaining . . 300 banelfl. 

10. A fanner raising 1097 bushels of wheat, gives 10 
per cent, of it for thrashing, 10 per cent, of the remainder 
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for flounng. . What p«r cent, of the whole will he have 
left? Ans. 81 percent, 

11. A Califomia miner having secured 1 5^ « pounds of 
gold dust, finds it to lose 5p^ cent, in refining ; he then 
gires 6 per cent, for coining. How much ought he to 
eceive after it is coined ? 

Ans. 13-8415 pounds=13Z3. \{)oz. Ipwt, 23-^gr. 

12. Suppose at each stroke of the piston of an air pump 
10 per cent, of the air in the receiver is exhausted, what 
per cent, of the air will remain after the 1st, 2d, 3d, and 
4th strokes, respectively 7 

' After the 1st stroke 90 per cent. 
« « 2d " 81 " " 
« a 3d « 72t^ " " 
« " 4th " 65TVr" " 



Ans. 



SIMPLE INTteREST. 



113. Interest is money paid hy the bonower to iho 
lender, for the use of the money borrowed. 

It is estimated al a certain rate per cent, per annum, that 
is, a certain number of dollars for the use of $100, for one^ 
year. 

Thus, when $6 is paid for the use of $100, for one year 
the interest is said to be at 6 per cent. 

In the same mannw when $5 is paid for the use of 
•100, for one year, the interest is said to be at 5 per cent,^ 
and the same for other rates. 

The rate per cent, is generally fixed by law. In the 
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New England States the legal rate is 6 per cent.^ whfle in 
the State of New York it is 7 per cent. 

The sum of money borrowed, or upon which the mte^ 
eat is oomputed, is called the principal. 

The principal, witn the interest added to it, is called the 
amount. 

I\liat is Interest 1 How is it estimated'^ What if the ^te per cent, when 18 ii 
jiaid for the nse of $100 for one year 1 What is the rate per cent, when $5 is in tfai 
iftine way paid 1 Is the rote per cent, generally fixed by law 1 What is the kgil nil 
per cent, in the New England States 1 What is it in v^e State of New York 1 Wbit 
is the principal 1 What is the amount 1 



CASE L 

To find the interest on any given principal, for any 
whole number of years, at any given rate per cent. 
Suppose we wish the interest of $305-50 for 3 years, at 

7 per cent. 

By the definition of interest money, it follows that the 
interest of $305 -50 for one year, at 7 per cent., is 7 per 
cent, of $305-50 ; which by rule under Art. 113, we 
obtain, by multiplying $305-50 by 0*07. Performing the 
multiplication, we have $305-50 x007=$25-585 for one 
year's interest, which, multiplied by 3, the number of 
years, will give us $70*755 for the interest of $305*50 for 

8 years at 7 per cent. 
Hence the following 

RULE. 

Multiply the principal by the rate per cent.^ expressed « 
decimals^ andjhat product by the number of years ; observing 
the usual rule for pointing off the decimal figures. 



d by Google, 
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EXAMPLES. 

.. What is the interest of $573*15 for S years at 6 pel 
wnt t 

OPERATION. 

$573-15 = the principal. 
0-06= rate per cent. 
$34-3896=one year's interest 
5= number of years. 
Ans, $171- 945 =five years' interest. 

2. What is the interest of 8600 for 4 years at 5 pci 
cent? , Ans, $120. 

3. What is the interest of $725 for 8 years at 4^^ per 
cent.? Ans, $261. 

4. What is the interest of $149 for 5 years at 2 per 
cent? .An^. $14-90. 

5. What is the interest of $225-25 for 10 years at 4 
percent? , uln^. $90-10. 

6. What is the interest of $311*30 for 11 years at 10 
per cent. ? Ans. $342*43. 

7. What iS^the interest of $501*50 for 2 years at 3 
per cent ? Ans, $35* 105. 

CASE n. 

To find the interest on any given principal, for any 
given" time, at any given rate per cent. 

Suppose we wish the interest of $126 for ,3 years 5 
mouths and 15 days, at 7 per cent. . 
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OPERATtO]*. 

8126. 
007 
88-82 = 1 year's interest. 

3 

$26-46 = 3 years* « 

4mos.=iofayr. 2-94 s= 4 months' " 

Imo. =iof4mos. 735 = 1 « " 

15 dys. =i of 1 m o. 3675 = 15 days' « 

Ans. $30-5025=3yrs. 5mo3,andl5dajl'ini 
Hence the following 

RULE. 

Multiply the principal hy the rate per cent, expressed m 
decimals ; the product mil give one year's inter est ^ which^fwir 
tiplied by the numhet of years ^ will give the interest forth 
tvne expressed in years. Then find the interest for tk 
months and days hy means of aliquot parts, as in Practut. 

EXAMPLES. 

1. What is the interest of $39-42 for 1 year, 5 monthii 
4nd 1 1 days, at 7 per cent. ? 

OPERATION. 

$39-42 
007 

* 2-7594= i year's mtew* 

4 months := ^ of a year 920 = 4 months' ** 
1 month = J of 4 months 230 = 1 month's *» 
10 days = J of 1 month 77 =10 days' »* 

1 day =^ of 10 days 8 = 1 day's « 

$3-994 Ans 
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Non.— We have mt ^tended oar work to more th&n thret 
|daces of decimals, but have added 1 to the third place whenever 
Uie fourth decimal figure would be 5 or greater. 

2. What is the interest of 847-13 for 7 months and 21 
lays, at 7 per cent. ? Ans. 21 18. 

3. What is the interest of $321-21 for 3 months and 
15 days, at 6 per cent. ? Ans, $5-621. 

4. What is the interest of $270 for 2 months and 8 
days, at 7 per cent. ? Ans. $3*57. 

5. 'WJiat is the interest cf $404-44 for * year, 5 months 
and 4 dlys, at 7 per cent. ? Ans. $40-422. 

6. What is the interest of $99*99 for 1 1 months and 
29 days, at 5 per cent. ? Ans. $4986. 

7. What is the interest of $3750 for 6 months and 10 
days, at 6^ per cent. ? Ans. $1*287. 

8. What is the interest of $49*49 for 8 months and 8 
days, at 7 per cent. ? Ans. $2*386. 

CASE m. 

To find the interest on any given principal for any 
given time at 6 per cent. ? 

The interest on $100 for one year, at 6 per cent., being 
16, it follows that the interest on $1, for one year, is 
$006 ; and since 2 months is -ft=i of a year, the inter- 
est on $1, for two months, is $00 1 ; again, since 6 days 
i« A=*A^ of 2 months, when we reckon 30 days to each 
month, it follows that the interest on $1, for 6 days, is 
$0001. Hence, if we call half the number of months, cents, 
und one-sixth the number of day s^ mills, we shall obtain the 
interest of$l for the given time^ at 6 per cent, 

Tha interest of $ 1 being multiplied by the number of 
dollars in the given principal, will obviously give the in 
20 
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terest sought. As an example,^NI|^pose we wish thi 
interest of- $125 for 1 year, 5 months and 18 dajs, at 6 
per oent. 

$0085=int of •! for 1 y. 5 m.= 17 months. 
3= « « « 18 days 

$0088=int. of $1 for I y. 5 m. and 18 lays. 

If now we multiply $0*088 hy 125, the number of dol- 
lars in the principal ; or, which is the same thing, if we 
multiply $125 by 088, we shall find $125 x0 088=$H, 
for the interest sought. 

Hence we haye this 

RULE. 

i. Call half the number of months, cents ; one-sixth tk 
number of days, mLi^s; and the result will be the interest of 
$1 for the given time. 

II. Multiply the interest of^ty thus founds by the number 
of dollars in the given principal, and the product being 
pointed off by the rule for decimals, will give the interest re- 
quired, 

EXAMPLES. 

1. What is the interest of $49-37, for 13 months and 15 | 
days, at 6 per cent. ? i 

In this example, we find the interest on $1, for 13 mondtt I 
and 15 days, at 6 per cent, to be $0*0675, which, mnlti- 
plied by 49-37, the number of dollars in the principal, giw 
$3*332475, for the interest on $49*37, for the given time 

2. What is the mterest of $608*62, for 1 year and 9 
months, at 6 per eent. ? Ans. $63-9051. 

3. What is the interest of $341-13, for 7 years aad9 
days, at 6 per cent 1 Ans. $ 1 43*786205. 
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4. What is the interest of $100, for 16 years and 8 
lAonths, at 6 per cent.? Ans. $100. 

5. What is the interest of $591*03, for 4 years, 3 montha 
andT days, at 6 per cent.? Ans. $151-402185. 

6. What is the interest of $0-134, for 4 months and 3 
days, at 6 per cent. ? Ans. $0 002747. 

7. What is the interest of $7-60, for 7 months, at 6 per 
cent.? Ans. $0-2625. 

8. What is the interest of $371 01, for 4 years and 15 
days, at 6 per cent. ? Ans. $89 969925. 

9. What is the interest of $57-92, for 3 years, 7 months 
And 9 days, at 6 per cent. ? Ans. $12-53968. 

10. What is the interest of $329, for 5 years and 13 
days, at 6 per cent. ? Ans. $99 412f 

11. What is the interest of $4739, for 1 year and 7 
months, at 6 per cent. ? Ans. $450205. 

CASE IV. 

To find the interest on any given principal, for any given 
time, at any given rate per cent 

Merest at 6 per cent, increased by -J- of itself will oh- 
fioilsly give the interest at 7 per cent The interest at 6 
per cent increased by \ of itself will give the interest at 
8 pel cent If we diminish the interest at 6 per cent by 
f of itself, we shall obtain the interest at 5 per cent And 
in all cases, by increasmg or decreasing the interest at 6 
per cent., in the proper ratio, we may obtain the interest 
at any other desired rate. 

As an example, suppose we wish the interest of $300 
for 1 year, 3 months, and 12 days, at 4^ per cent. 

By Case III. we readily find the interest of $300 for I 
year. 3 months and 12 days, at 6 per cent., to be $23-10 
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But the interest is required at 4f per cent instead of aJ 
6 per cent. If -J- of 6 be taken from 6, the remainder will 
be 4^ ; hence, if -J- of $23*10, the interest at 6 per cent., be 
taken from $23 10, the remainder will be the interest at 
4J- per cent. Performing this operation, we have $2340 
—J- of $23\10s=$17.325 for the interest of $300 for I 
year, 3 months and 12 days, at 4^ per cent. 



Hence, we have this 



RTJI.E. 



Find the interest on the given pnncipal, for the given time, 
ut 6 per cent., by Case. Ill, Then increase, or decrease^ Hiii 
interest by the same part of itself, as it would he necessarr/ 
to increase, or decrease 6 per cent,, in order to make it agree . 
with the given rate per cent. 

EXAMPLES. 

1. WTiat is the interest of $19-41, for 1 year, 7 montlu 
and 13 days, at 7 per cent. 1 

In this example, we find by. Case III. that the interest 
of $19*41, for 1 year, 7 months and 13 dajrs, at 6 per coit, 
is $1-886005. Since 6, increased by its sixth part, equate 
7, it will be necessary to increase >he interest just found 
f(Mr6 per cent., by its sixth part, which becomes $2-200339^, 
for the interest at 7 per cent 

2. What is the interest of $530, for 3 years And 6 
months, at 5 per cent. 1 Ans. $92-75. 

In this example, it was necessary to decrease the int» 
est of 6 per cent, by its sixth part. 

3. What is the interest of $5'37, for 4 years and 12 
days, at 8 per cent. ? Ans. $1-73272. 

In this example, we increase the interest at 6 per cent, 
oy its third part. 
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4. What is the interest of $4070, for 3 months, at 9 
per cent. ? Ans. $9 1 -575. 

5. What is the interest of $3671, for 6 months, at 10 
per cent. % Ans. $ 1 83*55. 

6. What is the interest of $492005, for 3 months, at 4 
percent? jlw^. $49 2005. 

7. What is the interest of $4017, for 3 months and 18 
daja, at 3 per cent. % Ans. $0*36153. 

8. What is the interest of $37-13, for 5 months and 12 
dajB, at 4i- per cent. 7 Ans. $0*7518825. 

9. What is the interest of $489, for 3 years and 4 
mwiths, at 5i per cent. ? Ans. $89^5. 

10. What is the interest of $700, for 1 year and 9 
months, at 7 per cent. ? Ans. $85*75. 

Note. — When the principal is given in English iHoney, we must 
vediice the shillings, pence and farthings, to the decimal of a jE7; 
and then proceed Sis in Federal money. 

11. What is the interest of jE?75 lZs.6d., for 3 years and 

5 months, at 6 per cent. 1 

In this example, 13^. 6(f., reduced to the decimal of a 
£, is 0-675, so that our principal is JC75-675 ; the interest 
on£l, for 3 years and 5 months, at-6 per cent., is jCO'205, 
which, multiplied by 75*675, gives i:i5-513375=i;i5 10*. 
^"fMt for the interest required. (See Art. 99. ) 

12. What is the interest, of £li 5s. Sid., for 4 years 6 
months £ind 14 days, at 7 per cent.? 

Ans. £i lOs. 7^d. pearly. 

13. What is the interest of J^l 7*. 6d., for 2 years and 

6 months, at 4^ per cent. ? Ans. £0 3s. l+J. 

14. What is ,the interest of iri05 10& 6J., for 9^ 
months, at 5 per cent. ^ Ans. £i 3s. 6d. l*95/ar. 

20^ ' n I 
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INTEREST WHEN THE TIME IS ESTIMATED IN Dm 

114:. Thus far, we have considered the time, for which 
interest is to be computed, as estimated in months and 
days, counting^ month a.s -f^ of & year, and I day as -ft 
of a month, or -^ of a year. 

Now, as some months have 31 days, and others less 
than 31, we, by the previous methods, obtain sometimes 
too much interest, and sometimes too little, but the enoi 
must always be small. 

We will, imder this Article, explain the more accurate 
method by means of days, which is sometimes called the 
Commercial Method. 

Suppose we wish the interest of $500 from May 15th 
to November 2(J^h, at 7 per cent. 

By Case L, Art. 113, we find $500x0 07=$35 fa 
one year's interest of $600, at 7 per cent. By Table 
under Art. 76, we find 189 days from May 15th to 
November 20th. 

It is obvious that the interest for 189 days must bathe 
same fractional part of one year's interest, that 189 daji 
is of 3G5 days. Hence, $35 X+ff =*H^i^=$l8123+ 
for the interest of $500 from May 15th to November 20th, 
at 7 per cent 

Hence this 

RULE. 

Multiply the principal by the rate per cent, expressed « 
decimals ; the product mil be one year's interest ; which nm^ , 
tiply by the time expressed in days, and divide this lastpn^ i 
duct by 365, and the ipwtient will be the interest sougkL 
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EXAMPLES. 

1. A note of $3737 was given May 3, 1848 ; how muclk 
was due on it Dec. 27, 1848, at 7 per cent. ? 

By the table undei Art. 76, we find 238 dsys from 
May 3 to Dec. 27. 

OPERATION. 

$37-37=imncipal. 
007 = rate per cent, 
f 2'6159=one year's interest. 
238=tiine in days. 

209272 
78477 
62318 



365)622-5842(1 -705 =interest sought m doUaw. 
365 37-37 =principal. 
2575 $39075=amount. Ans. 
2555 

2084 

1825 

259 

2. A note of $365 was given July 4, 1847 ; what will it 
amount to, June 1, 1849, interest being 7 per cent. ? 

Ans, 8413.79. 

3. What is the interest on $100 from January 13th to • 
November 15, it being Leap-year, and interest being 6 
per cent. ? Ans, $5047. 

4 What is the interest on $216 from March 10th to 
December 1st, interest being 5 per cent. 7 Ans. $7*871. 

5. What is the interest on $107 from April 12th to 
July 4th, interest being 7 per cent. ? Ans. $1-703. 
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6. What is the interest on $1000 from Jiine 20th t« 
August 13th, interest being 7 per cent.? Ans. *10-356. 

7. What is the interest on $730 from July 4th to 
December 25th, interest being 6 per cent.? Ans. $20-88. 

8. W^hat is the interest on $63-37 from August 9th to 
December 31st, interest being 7 per cent. ? Ans. $1*75. 



PARTIAL PAYMENTS. 



11«S« When notes, bonds, or obligations receive p» 
tial payments, or indorsements,* the rule adopted by the 
Supreme Court of the United States i& as follows : 

RULE. 
" The rule for casting interest, when partial paymenU 
have been made, is to apply the paymmt, in the first phu^ta 
the discharge of the interest then due. If the payment at- 
eeed the interest^ the surplus goes towards discharging the 
principal, and the subsequent interest is to be computed on 
the balance of principal remaining due. If the payment he 
less than the interest, the surplus of interest must not hi 
taken to augment the principal ; but interest continues on tk 
former principal until the period when the payments takn 
together exceed the interest due, and then the surplus is t$ 
be applied towards discharging the principal ; and intemt 
is td be computed on the balance, as aforesaieL*^ 

The above rule has been adopted by New Yorky Masstt 

- * From a Latin phrase, in dorso^ meeninf ''upon t!M bock;** becauw tte pir 
•«aats are written acrou the back of the nots. 
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ekusetts, B,nd by nearly all the other states of the Unkm. 
The following is the 

CONNECTICUT RULE. 

" Compute the interest on the principal to the time of th§ 
first payment ; if that he one year or more from the time the 
interest commenced, add it to the principal^ and deduct the 
payment from the sum total. If there be after payments 
made, compute the interest on the balance due to the next 
paymenty and then deduct the payment as abot>e ; and 
in like manner, from one payment to another^ till all ihe 
payments are absorbed ; provided the time between one pay* 
ment and another be one year or more. But if any pay- 
ments he made before one yearns interest hath accrued^ then 
compute the interest on the principal sum due on the obliga' 
tiony for one year, add it to the principal, and compute the 
interest on the sum paid, from the time it was paid up to the 
end of the year ; add it to the sum paid, and deduct that 
sum from the principal and interest added as above. 

If any payments be made of a less sum than the interest 
arisenrdt *he time of such payment, no interest is to be com* 
puted, but cnly or. the principal sum for any period!* 

examples. 
8620. Utica, Nov. 1, 1837. 

] , For value received, B promisis to pay Thomas Jones, 
Of order, the sum of six hundred and twenty dollars, on 
dmnsmd, with interest. * Charles Bank. 

The following indorsements were made on this note.: 

1838, Oct. 6, there was indorsed. . . |6107- 

1839, March 4, " " « . • . . 8903. 

1839, Dec. 11, « « " 107-77. 

1840, July 20, ^ ^ «... 200-50. 
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- What was the balance due, Oct. 15, 1840, allowmg 1 
per cent, interest, according to the U. S. rule 1 

The pupil will find it convenient to arrange the w(A 
for finding the multipliers at 6 per cent, as follows : 
year. mo. da. 



Date of note 1837 


10 1 


mo, da. i 


nultiplters otQ 


1st indorsement 1838 


9 6 


11 5 


0055f. 


2d indorsement 1839 


2 4 


4 28 


00241. 


3d indorsement 1839 


11 11 


-9 7 


0046i. 


4th indorsement 1840 


6 20 


7 9 


00365. 


Date of settlement 1840 


9 15 


2 25 


0014f 






35 14 


OlTYf 



Having found the different intervals of time, we then 
find the multipliers at 6 per cent, by Casj: III. Art. US. 

As a check upon our work, we add all the differwit in- 
tervals of time together, and find it makes 35 months and 
14 dajs. We also add all the multipliers, and obtain 
0177i. 

Now, subtracting the time the note was given from the 
time of settlement, we also obtain 35 months and 14 
days, which time gives 0177-J for multiplier. 

It would be well in all cases where interest is to be cast 
on a note of many indorsements, to follow the aboYB 
method of operation; since, by proceeding with systematic 
order, there is less chance for committing errors. 

If we wish to have the result true to a cent^ we mBit 
carry our work to three decimal places, or to mills. 

In the following operation we extend the work to three 
decimal places ; when the value beyond the third place 
18 one half or more, we add a unit to the decimal in the 
third place, but when that value is less than one half, w 
neglect it 

Digitized by VjOOQIC 



PARTIAL PATMENT8. 289 

Ubiynng found the multipliers, we continue the work as 
follows : 
The amount of note, or principal, is . . . $620000 
Interest on the same, up to Oct. 6, 1838, is . 40*386 
Amount due on note, Oct 6, 1838, is . . . 66Q.'386 
The first indorsement is 61 070 

509-316 
Interest from Oct. 6, 1838, to March 4, 1839, is 17-247 

Amount due March 4, 1839, is 616-563 

The second indorsement is 89030 

527-533 
hiterest from March 4, 1839, to Dec. U, 1839, is 28-414 

555-947 
The third indorsement is ....... 107*770 

448177 
Interest from Dec. 1 1, 1839, to July 20, 1840, is 19085 

467-262 
The fourth indorsem^t is 200*500 

266-762 
Interest from July 20, 1840, to Oct. 15, 1840, is 4-409 

Ans. 271-171 

$350. Utica, May 1, 1836. 

2. For value received, I promise to pay Isaac Clark, or 
ttder, three hundred and fifty dollars, with interest, at 6 
per cent. N. Brown. 

Indorsements were made on this note as fellows : 
Dec. 25, 1836, there was paid . . ^ . . $50. 

June 30, 1837, ? « «. 5. 

Aug. 22, 1838, « « " 15. 

June 4, 1839, « ' ...... 100. 
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How much was due April 5, 1840, if interest is com 
puted according to the U. S. rule 1 

year, mo, da, muUipUen 

Date of note 1 836 4 1 mo. da, at6pereaiL 

1st indorsement 1836 11 25 7 24 0^9. 

2d indorsement 1837 6 30 yr. 6 5 O030f. 

3d indorsement 1838 7 22 1 1 22 0*068|. 

4uh indorsement 1839 5 4 9 12 0-047. 

Date of settlement 1840 3 5 10 1 O-QSOj. 

3 11 4 0235}. 

The amou^ pf the note, or principal, is . >' . $350"000 
Interest up to Dec. 25, 1836, is 13-650 

363-650 
The first indorsement is 50-000 

313-650 
Interest up to Jime 4, 1839, is 45^0 

359-600 
Indorsement, June 30, 1837, which is ? ^c 

less than the interest then due, j 
Indorsement, Aug, 22, 1838, . . . 2£ 
This sum is still less than the interest , 



. 20 

now due. 

Indorsement, June 4, 1839, , . . 100 

• $120-000 

This sum exceeds the interest now diia 

239-600 

interest up to April 5, 1840, is 12-020 

Anount due April 5, 1840, .... Ans, $251-620 

How much would have been due, had we computed 
interest according to the Connecticut Rule? 
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NoTB.-^We will, herO) indicate the steps of the process under 
the Connecticut Rule. First, find the amount of the principal sijjb 
for one year; that is, to May 1, 1837. Then find the amount at 
the first payment to the same date. Deduct the latter amount from 
the former. Next, find the amonnt of the new principal thus ob- 
tained for another year, that is, to May 1, 1838 j then find the 
amount of the second payment to the same time, and deduct as 
before, and so on. Ans, $252- 12. 

•108^. Utica, Dec 9, 1835. 

3. For value received, I promise to pay Peter Smith, oi 
order, one hundred and eight dollars and forty-three cents, 
on demand, with interest, at 7 per cent 

JoBN Saveaix. 
fcdorsements were made as follows : 
March 3, 1836, there was indorsed . $5004. 
Dec. 10,1836, *« « "... 1319. 
May 1, 1838, "^ " «. . . . 5011. 

How much remained due, according to the U. S. rule, 
Oct. 9, 1840? ^n^. «5-844. 

How much according to the Connecticut Rule ? 

NoffE.— After several steps, there will he a new principal, Dec. 
9, 1838. The interest is to be computed upon this, not for one year, 
since there is no indorsement within the year, but up to the time d 
settlement Ans, f 5-80. 

$143TVjr. Utica, August 1, 1837. 

4. For value received, I promise to pay D. Budlong, oi 
bearer, one hundred and forty-three dollars and fifty cents, 



on demand, with interest. 


W. GODID. 


Dec. 17, 1837, there was indorsed . 


. $37.40. 


July 1, 1888, « «' « . . 


. . 709. 


Dec. 22, 1839, « « « . , 


. 13ia 


Bept 9,1840, « « « . . 


. . 50-50. 
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How much remains due, according to each rule, Dec 
28, 1840, the interest being 7 per cent.? 

Ans. U. S. rule, $60,866. 

Note. — After a few steps we shall find a new principal, Aug. 1, 
1638. We compute the interest on this up to Dec. 22, 1839, at 
there is no payment within a year. From the amount deduct the 
paymrat made Dec. 22« 1839. We have, then, another new prin- 
cipal, the interest on which is to be computed for one year, that i% 
to Dec. 22, 1840, and added; we find also the amount of the last 
payment to that date ; deduct, and find amount of the balance, 
Dec. 28, 1840. Am. Conn, idle, $60^ 

5. A note of $486 is dated Sept. 7, 1831, on which, 

March 22, 1832, there was paid . . . $125. 
Nov. 29, 1832, « « « . . . . 150. 
May 13, 1833, « " « . . . . 120. 

What was the balance due, according to each rale, 
April 19, 1834, the interest being 7 per cent. ? 

^^ i U. S. rule $144-404. 
* \ Ck)na « 143-55. 

116* The principal, the rate per cent., the time and 
the interest, are so related to each other, that anj three of 
them being given, the remaining one can be found. 

PB.OBLEM L 

4 

Given the principal, the rate per cent, and the time, to 
find the interest. The rule for this problem has alreadj 
be^n given under Case III., Art. 113 ; it is equivalent ta 
the following 
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RULE. 

Multiply the interest of$l, for the given time and given 
rate per cent.^ by the number of dollars in the principal 

PROBLEM n. 

Given the time, the rate per cent., and the mterest, to 
find the principal It is obvious that the interest on a 
given sum is as many times greater than the interest on 
$1, as the given sum is times greater than $1. Hence, 
we have the following 

RULE, ' 

Divide the given interest by the interest of 81, for the 
given time, and given rate per cent. 

EXAMPLES. 

1. The interest on a certain principal, for 9 months and 
10 days, at 4J per cent., is $1-01605. What was the 
principal? . 

In this example, we find the interest of $1, for 9 months 
and 10 days, at 4^ per cent., to be $0 035; therefore, 
8101605, divided by $0 035, gives 29;03, for the number 
of dollars in the principal required. 

2. What principal will, in 1 year, 7 months, and 15 
dtys, at 6 per cent., give $9*75 interest ? Ans, $100." 

3. What principal will, in 7 yesirs and 9 days, at 6 per 
cent, give^ $ 16*86 interest ? Ans. $40. 

4. What principal will^ in 3 years and 6 months, at 5 
per cent., give $92-75 interest % Ans. $530, 
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5. Wnat piincipal will, in 3 months and 9 days, at 8 
per cent, give $90 interest? Ans. $409090% 



PEOBLKH m. 

Given tno principal, the time, and the interest, to find 
the rate per c^nt. 

If the rate per cent, be doubled, other things being toe 
same, the interest will be doubled ; if the rate per cent, la 
tripled, the interest will be tripled. And, in all cases, the 
interest at any particular rate per cent, is as many times 
greater than the interest at 1 per cent, as the given rate 
per cent, is times greater than 1 per cent. Hence, we 
have this 



RULE. 

Divide the given interest by the interest of the given pmi^ 
cipalffor the given time, at 1 per cent. 

EXAMPLES. 

1. The interest of $100, for 9 months and 10 days,ii 
^•50. What is the rate per cent 1 

In this example, we find the interest of $100, for 9 
months and 10 days, at .6 per cent., to be $4 66|. The 
interest at 1 per cent, is $077^ ; therefore, dividing 13-50 
by $077i, '^^ obtain 4| for the rate per cent, required. 

2. At what rate per cent, will $530, in 3 years and 6 
months, give $92-75 interest ? Ans. 5 per cent 

3. At what rate per cent will $19-41, in 1 year, 7 
months, and 13 days, give $2200339^ interest? 

Ans. 7 per cent 
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4. At what rate per cent, will $5-37, in 4 years and 12 
dajs, give $ 1 73272 interest ? Ans. 8 per cent. 

5. At what rate per cent, will $4070, in 3 months, giv€ 
$91-575 interest? Ans, 9 per cent. 

PROBLEM IV. 

Given the principal, the rate per cent, and the interest, 
to find the time. 

If the time for which interest is comj uted be doubled, 
other things being the same, the interest will be doubled ; 
if the time is tripled, the interest will be tripled. And in 
all cases, the interest for any particular time is as many 
times greater than the interest for one year, as the par- 
ticular time is greater than 1 year. Hence, we have this 

RULE. 

Divide the given interest by the interest of the given prtn* 
eipaljfor 1 year, at the given rate per cent. 

EXAMPLES. 

1. In what time will $37- 13, at 4 J per cent., give 
W-75 18825 interest? 

In this example, we find the interest of $37 13, for 1 
year, at 4^ per cent., to be $1-67085; therefore, dividing 
$07518825 by $1-67085, we get 045 years ; this reduced 
to months and days, gives 5 months and 12 days. 

2. In what time will $700, at .7 per cent., give $85-75 
interest ? Ans. 1 year, 9 months. 

3. In what time will $100, at 6 per cent., give $100 

interest? That is, in what time will a given principal 

doublA itself at 6 per cent, interest ? Ans, 16| years. 
21* 
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246 ELKMENTARY ARITHMETIC. 

4. In what time will a given principal double itself at 
7 per cent. ? Ant. Uf yeais. 

5. In what time will a given principal double itself at 8 
percei^.? ' Am, laiyeati 

6. In what time will a giveiyprincipal double itself at 5 
per cent. ? Arts. 20 years. 

7. In what time will a given principal double itself at 
4 J per cent. % Ans. 22-J years. 

The following table gives the time required for a given 
principal to double itself at simple interest at various rates 
per cent. 



PtfOttlt. 


Y«a». 


Fepcent. 


T-™. • 


tnimt. 


t T». 




1 


100 


4 


S5 


7 


141 




li 


eel 


4i 


3S{ 


7i 


m 




2 


60* 


5 


20 


8 


121 




2i 


40 


6i 


ISA 


8i 


im 




3 


33} 


6 


. 16f 


9 


iij 




3i 


28*, 


6i 


i«h% 


H 


io\i 





DISCOUNT. 

liy. Discount is an allowance made for the payment 
of money before it is due. 

The present worth of a debt payable at some future time, 
without interest, is such a sum of money as will, if put at 
Interest for the given time, amount to the debt. 

When the interest is at 6 per cent., the amount of 11, 
for one year, is $106' therefore, the present worth of 
•1-06, due one year hence, is $1. If the present worth 
of $1 06 is $1, it follows that the present value of $1 wiD 
be the same fractional part of $1, that 91 is of |l-06; 
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that iSj the jwesent value of $1 is -ntr of #1, or ^f^^ And 
since the present worth of two dollars is twice as ^eat aa 
for one dollar, we have ^?#^ for the present worth of $2 
And in the same way we find nf#r for the present worth 
of 13; -f:Vk- for the present worth of $10. 

Had the time been 6 months instead of one year, thtn 
would ^♦^ be the present worth of $1 ; T*j?r would be 
the present worth of $2 ; -f^ would be the present worth 
offlO. ^ 

If we reckon 7 per cent, interest, the present worth of 
$1 for one year would be t^ot? for 6 months it would be 
ttJVt ; and so 6n for other sums and other rates of interest. 
Hence, we have the following 

• 
RULE. 

Find the amount o/* $1, for tJie given time^ at the given 
rate per eent.y then divide the sum whose present worth is re* 
quired^ by this amount, and it will give the number of doUan 
k the present worth. Subtract the present worth from the 
giveh sum^ and it wiU give the discount. « 

What if Diicoimtl What irthe present worth of a ram of money ^ue at tomt 
fbtoie period ) What ii the prewnt wort|i of $1*06, due one year faenoe» at4ipet eant 
tttflmtl Ilepeat the Bule fot eomiuting discount. 

EXAMPLES. 

1. What is the present worth of $622*75, due 3 yean 
and 6 months hence, at 5 per cent. ? 

In this example, we find the amount of $1, for 3 yeart 
and 6 months, at 5 per cent., to be $1-175 ; therefore, di- 
viding $622-75 by $1-175, we get 530, for the number of 
dollars in the present worth. If we subtract the present 
worth from the sum, we get $92-75 for ^^o.^sfgg^^-ale 
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2. What is the present worth of $4161-575, due I 
months hence, at 9 per cent. ? Ans, $4070. 

3. What is the present worth of $7.10^2, due 4 jean 
and 12 days hence, at 8 per cent.? Ans. $537. 

4. Sold goods for $ 1500, to be paid one half in 6 months, 
and the oth^ half in d months. What is the present 
worth of the goods, interest being at 7 per cent. ? 

Ans. » 1437-227. 

5. Sold goods for $1500, to be paid at the endof7i 
months. What is the present worth of the goods, interest 
being at 7 per cent. 1 Ans, $ 1437- 126. 

6. What is the present worth of $50, payable at the 
end of 3 months, at 7 per cent. ? Ans. $4914 

f. What is the discount on $100, due 6 months hence, 
at 6 per cent. ? Ans. $2-913. 

8. What is the discoimt on $750, due 9 months hence^ 
at 7 per cent ? Ans. $37-411. 

9. What is the present worth of $3471*20, due 3 jeais 
and 9 months hence, at 4^ per cent. ? Ans. $297001 1. 

10. What is the discount of $150, due 3 months and 18 
days hence, at 6 per cent. ? Ans. $2*652. 

11. What is the discount of $961*13, due 1 year and 5 
months hence, at 7 per cent. ? Ans. $86*713. 

12. What is the discount of $37*40, due at the end of 7 
months, at 6 per cent. ? Ans. $1*265. 

13. Bought a bill of goods for $1200, one third payable 
m 3 months, one third in 6 months, and the remaining 
one third in 9 months. How much ready cash ought to 
pay for the goods, if we consider money with 6 per cent I 

Ans. $1165-21+. 
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COMPOUND INTEREST. 

118. When, at the end of a year, or of any given 
time, the interest due is added to the* principal, and the 
amount thus obtained is considered as a new principal, 
upon which interest is to be cast for another given period, 
to be added in like manner to form a second new prin- 
cipal, and so on, the last amount thus obtained is called 
the AMotwT AT COMPOUND INTEREST. If from this amouut 
we subtract the original principal, we obtain the com- 
pound INTEKE&r. 

How is the amoant of eompoand ioteieit fband 1 How if the eompoond inteieil 
i1 



IPCAMPLES. ' 

1. What is the compound interest of $1000, for 3 yeati 
at 7 per cent. ? 

Principal, . . . . * $1000 

Interest on $1000 for one year, . . 70 

First amount, or second principal, • 1070 
Interest on $1070 for one year, . . . 74*90 
Second amount, or third principal, . 1 144*90 
Interest on $1 144*90 for one year, . . 80- 143 

Third amoimt, J225048 

Original principal^ ....... 1000 

The compound interest required, Ans, $225-043 
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2. What is the amount of $100, at 6 per cent, per toi 
num, compound interest, for two years, when the interest 
18 added in at the end of every six months ? 

Principal, $100 

Literest on $100 for 6 months, . . 3 

103 
Biterest on $103 for 6 months, . 3 09 

10609 
Interest on $10609 for 6 mohths, 3! 827 

109-2727 
Interest on $109-2727 for 6 months, 3-278181 
Amomit required, $112*550881 

3. What is the compoimd interest of $630, for 4 jeazs^ 
at 5 per cent? Ans. $135769. 

4. What is the amount at compound interest, of 150 
for 3 years, at 5 per cent ? Ans. $57'88l. 

5. What is the compound interest of $1000, for 4 yeais, 
at 6 per cent ? . Ans. $262-477. 



BANKING. 

1 19. A BANK is an incorporated institution, created for 
the purpose of loaning money, receivings deposits, and 
dealing in exchange. 

The stocky or amount of money in trade, is limited bjf 
law, and owned by various individuals who are called 
stockholders. 

Banks are allowed to make notes which are denomi" 
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mUed bank biilsj which circulate aa money, becuuee^ on 
demand of the holders of them, they must be redeemed 
by the banks, with specie. 

It is customary for banks, in most cases, when they 
Isan money, to take the interest in advance ;* that is, to 
deduct it from the face of the note at the time the money 
is lent. The note is then said to be disccmnted. 

The sum to be discounted, or the face of the note, it 
called the amounL 

The interest deducted is called the discount. 

What then remains is called the present worthy or pro- 
ceeds. 

A note to be discounted, or bankable, must be made 
payable at some future time, and to the order of some per- 
son who indorses it. 

It is usual for the banks to take the interest for 3 days 
more than the time specified in the note ; and the borrower 
is Dot obliged to make payment till these three days have 
expired, which are for this reason called days of grace. 

What if a bank! ^iiat it the stockl Who are the stoekboldenl How aie 
hank notes called 1 Do cbey circalate as money t How are the banks obliged t« 
redeem their notes 1 Hww do banks sometimes take the interest 1 Wheti b a note 
wdtobedbeonntedl What isthearooanti Wh^ istbe interest deducted called 1 
How is that which remains called 1 Does a bank note require an indorserl For 
how many days more than specified in the note do banks take inteiestl What are 
thsieUuee days called 1 

What is the banking discoimt on $1000. for 3 months, 
•t 7 per cent. ? 

In this example, we find the interest on $1, for 3 
months and ? days, at 6 per cent, to be $0-0155, which, 
multiplied by 1000, gives $15-50, for the discount at 6 

* This method of disooonting bank notes is usurious, and is fast foing out of usc^ 
and instnod of it the banks now deduct the discount as found by Rule under Art 
117. 
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per cent. ; this, increased by its sixth part, Decomo 
$1808+ for the discc(uni at 7 per cent., as required. 
Hence we may find banking discount by the following 

RULE. 

Compute the interest ( Case IV. Art. IM,) on the gim 
sum^for three days more than is specified. This intensi 
will be the discount. 

EXAMl^LES. 

1. What is the banking discount of $150, for 6 months, 
at 6 per cent. ? Ans. $4-575. 

2. What is the banking discount of $375, for 3 months 
and 9 days, at 7 per cent. ? Ans. $7-438. 

3. What is the banking discount of $400, for 9 months, 
at 7 per cent. ? Ans. $21-23f 

4. What is the banking discount of $29*30, for 7 
months, at 5 per cent. ? Ans. 80-867. 

5. What is the banking discount of $472, for 10 
months, at 7 per cent.? Ans. $27*809. 

130« When the present worth of a bankable note, the 
time for which it is to be discounted, and the rate per 
cent are given, to find the amount or face of the note. 

What must be the face of a bank note which, when 
discounted for 4 months and 15* days, gives a {^eient 
worth of $100, interest being 6 per cent. ? 

If we suppose the note to be $1, we find the banking 
discount for 4 months £ind 15 days to be $0.023 ; neooe 
$1 ~-$0-023=:$0-977, is the present worth. Had the face 
of the note been $2, the present worth would have been 
twice $0,977; had it been $10, ten times $0-977. and 
the same would be true for other ratios. Hence, in ordei 
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diat the present worth of the note may be 9 IOC its face 
must be as many times g^reater than $1, as 81.00 is times 
greater than $0-977. .Dividing $100 by $0-977, we find 
for a quotient 1 02-354+. Hence, if a bank note f(» 
1102-35 be discounted for 4 months and 15 days at 6 per 
cent interest, the present worth will be $100. 
Hence we have this 



RULE. 

Compute the hanking discount (m $1, for the given time 
and rate per cent; subtract this discount from $1^ then 
divide the present worth hy the remainder, and the quotient 
ioiU he the amount, or face of the note, 

EXAMPLES. 

1. What must be the amount of a bankable note, so 
that when discounted for 3 months, at 6 percent., it shall 
give a present worth of $600 ? 

In this example, we find the banking discount on $1, 
for 3 months, to be $00 155, "w^hich, subtracted from $1, 
gives $0-9845 ; therefore, dividing $600 by $0-9845, we 
obtain $609*446, for the required amount of the note. 

2. What must be the face of a bankable note, so that 
when discounted for 2 months, at 7 per cent., the bcar- 
rower shall receive $50 1 Ans. $50-62. 

The following table gives the amoimt of a bcmkablo 
note, so that when discoimted at 5, 6, or 7 per cent., for 
any number of months, from 1 to 12, the present worth 
ahallbe j\ist $1. go 
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MootlM. * 


fpercenu 


6 per eenU 


Tpercoit. 


1 


1-004604 


1005530 


1006458 


2 


1008827 


1010611 


i 012402 


3 


1013085 


1015744 


1^^8416 


4 


1017380 


1 020929 


1024508 


5 


1021711 


1026167 


1-03066!^ 


6 


1026079 


1031460 


1-036896 


^ 


1030485 


1-036807 


1043206 


8 


1034929 


1-042209 


1049593 


9 


1039411 


1047669 


1056059 


10 


1043982 


1053186 


1-062605 


11 


1048493 


1058761 


1 069233 


12 


1-053093 


1064396 


1075944 



We will now work some example? by the aid of the 
above table. 

3. What must be the face of a bankable note, so that 
when discounted for 10 months at 5 per cefat^ the present 
worth maybe $1000? 

Looking in the table directly under the 5 per cent, and 
adjacent to 10 months, we find $1 043932; this, multped 
by 1000, gives. $1043-932, for the face of the note re- 
quired. 

4. What must be the face of a bankable note, so that 
when discounted for 7 months, at 7 per cent., the present 
worth may be $70-50 ? Ans. $73-546. 

5. What amount must I make my note, so that ^hen 
discounted at the bank for 12 mohths, at 7 per cent, I 
may receive $100 ? Ans. $ 107-594 

6. What must be the amount of a note, so that when 
discounted at the bank for 6 months, at 6 per cent., tb» 
borrower may receive $365 ? Ans. $376-483, 
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COMMISSION. ' 

131. CoMMissio'N is an allowance made to ^ factor 
or commission merchant for buying and selling. It is 
Mtiniated at so much per cent, on the money used in the 
transaction. 

Wlnt it Commiuion 1 How is it estimated 1 

Since commission is a certain percentage of money em- 
ployed in buying and selling goods, it may be found by 
the rale under Percentage^ Art. 118, which may be 
given as follows : 

RULE. 

Multiply the sum of money on which commission is to he 
computed^ by the rate per cent expressed in a decimal^ and 
the product^ when pointed off according to the rule fir deci- 
vudsj will be the commission. 

EXAMPLES. 

1. What is the commission on 83765*50, at 3^ pel 
cent.? 

OPERATION. 

$3765-50 
0-035 

1882750 
1129650 



«13 1-79250 



2. What is the commission on $10000, at 4 per cent. 7 

Ans, $400. 
8. A factor sells 43 bales of cotton at $375 per bale^ 
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and charges 2 per cent, commission. How much money 
must he pay to his principal ? Ans, $15802*50. 

4. A sends to B, a broker, $3605 to be invested in 
stock : B is to receive 3 per cent, on the amount paid fo! 
the stock. What was the value of the stock purchased? 

Since B is to receive 3 per cent., it is plain that $103 of 
A's money would purchase $100 worth of stock. Hence, 
the amount expended for stock must be |f f of $3603= 
$3605-f- 103 =$3500. Ans. 

Note.— In such cases as the above, when the given sum includes 
the factor's commission, and we desire to know what amoant be 
mnst invest for his principal, so that the balance may be his com- 
mission on the amount invested, we must divide the given sum by 
the percentage of the commission increased by a unit Thns, 
dividing $3605 by 103} the quotient is $3500, which is the som 
invested. 

5. A factor receives $601 1 2, and is directed to purchase 
cotton at $289 per bale : he is to receive 4 per cent, on 
the money paid for the cotton. How many bales did he 
purchase ? 

$60112-r-l«04=$57800 amount paid for cottoa 
$57800-T-$289=200, number of bales. 

6. The par value* of 125 shares of bank stock wai 
$100 per share. What is the present value, if the stock 
is worth 18 per cent, above par? Ans, $14750. 

7. What is the value of 50 shares of bank stock, the 
par value of which was $200 per share, on the suppoei' 
tion that it is 12 per cent, below par, or, that it is worth 
only 88 per cent, of its par value ? Ans. $8800. 

* By par value in meant the original cost or estimated wine of stock. Whsa it » 
worth more than its original cost, it is said to be above par, when it is worth le« *« 
4ie orifinal eost, it is said to be below par. 

Digitized by VjOOQIC 



fN9URANCE. 257 

8. A bank fails, and has in circulation $108567. It 
COD pay onlj 13 per cent. What amount of money hat 
itonhand? ^n^. $14113*71. 



INSURANCE. 

1S3. Insurance is a contract, by which an indiridual 
or company agrees to restore the value of ships, houses, 
or goods of whatever kind, which may be destroyed by 
the perils of the sea, or by fire. 

The security is given in consideration of a certain sum 
of money called the premium^ which is paid by the owner^ 
of the property insured. 

The premium is always estimated at a certain rate per 
cent, on the value of the property insured. 

The written agreement of indemnity is called a policy, 

Wbaft klnmraneel What U pfemioml How is tht pnraiam Mtimatod. 
What it the policy 1 

It is obvious that the foregoing rules under Percentage 
and under Commission, may be employed for finding the 
insurance premium. 

EXAMFLESk 

1. If A gets his house insured for $1800, at 41 cents on 
$100, what will be the amoimt of the premium? 

Ans. $7-38. 

2. An insurance of $12000 was eflfected on the ship 
Ocean, at a premium of 2 per cent What did the pre 
miiun air^ount to 7 Ans. $240. 

3. I efifected an insurance of $5230 on my dwelling* 

22* 
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house and furniture for 1 year, at -f of 1 per cent. What 
did the premium amount to? Arts. $19*6125. 

4. What is the amount of premium for insuring $34567, 
at CO cents on $100 ? Ans. $207-402. 

6. What would be the premium for insuring a ship and 
cargo, valued at $46370, from Boston to Liverpool, at ^ 
per cent. % , Ans. $ li)43-325. 



LOSS AND GAIN. 



133. Loss AND Gain is a rule by which mercfiants 
discover the amount lost or gained in buying and selling 
goods. It also assists them in adjusting the price of their 
goods so as to lose or gain a certain per cent 



Wliat ii Loa and Gain 1 



EXAMPLES. 



1. Bought 300 yards of broadcloth at $2-25 per yard, 
and sold the same at $3*50 per yard. How much wai 
gained 7 

$3-50 price of 1 yard. 
$2-25 cost of 1 yard. 

$1*25 gain on 1 yard. 
$1-25 

300 
$37500 whole gain. 

2. A merchant bought 320 barrels of flour at $5 pei 
barrel, but he finds he must lose 10 per cent, in the salea 
How much will he receive for the whole 1 
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The whole cost of 320 barrels is $5 x 320 -$1600. 
Smce he loses 10 per cent, one dollar's worth must seB 
for 90 cents. 

$1600 . 
0-90 

Ans, $1440 00 w^iat he receiyes. 

3. Suppose I buy 25 cords of maple wood at $2*50 pel 
ooid, and sell it so as to make 25 per cent. What must 
I receive for the whole ? 
The whole ccfet of the wood is $2-50 x 25 =$62-60. 
Since I make 25 per cent, one dollar's worth must sell 
for $1-25. ' 

^ $62-50 

125 

31250 
12500 
6250 



Ans. $ 78- 1250 what I receive. 

4 Bought a house and lot for $1400, and sold it for 
$1200. How much per cent, did I lose 7 
$1400 cost of house. ^ 

$1200 what sold for. 

$200 what I lost on $1400. 

Hence, TViftr=4=0l4f =14f per cent. 

5. Bought 225 gallons of molasses for 26 cents pet 
gallon, and sold the whole for $64-35. What did I gain 
per cent. ? 

The whole cost of 225 gallons is $0-26 x 225 =$58-50. 
The whole gain is $64-35— $58*50 =$5-85. Since $5'85 
is the gain on $58-50, it follows that the gain on $1 will 
oe found by dividing $5-xS5 by 58*6. Performing the 
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division, we have $5*85 h- 58-5 =01 or 010, that is,tbi 
gain is 10 per pent. 

From the foregoing examples we are able to deduce tba 
following principal 

RULES. 

/. The total gain or loss is the difference between tk 
first cost and the selling price. 

IL The first cost multiplied by 1, increased by the gm 
per cent,, or by 1 decrease^ by the loss per cent.., tonsiderei 
as a decimal^ will give the selling price. 

III. The whole gain or loss divided by the first cost, wiH 
give the gain or loss per cent. 

6. Bought 75 pounds of coffee at 10 cents per pounA 
At how much per pound must I sell it so as to gain 93 on 
the whole? Ans. 90*ii 

7. Bought 25 hogsheads of molasses, at $18 per hogs- 
head, in Havana,' paid duties, $16*30 ; freight, $25; 
cartage, $550 ; insurance, $25-25. What per cent, shall 
I gain, if I sell it at $28 per hogshead ? 

Ans. About 34 per cent. 

8. If I buy broadcloth for $3*50 per yard, how much 
must I sell it at per yard so as to gain 25 per cent 1 

Ans. $4*37f 

9. If I buy cloth at $3*50 per yard, how many must I 
sell it at per yard so as to lose 25 per cent ? Ans. $2-62}. 

10. A person bought a city lot for $800, and sold it fa 
as to gain 40 per cent. How much did he sell it for? 

Ans. $1120. 

11. A house which cost $3000 was sold for $2400. 
What per cent, was lost ? Ans. 20 per cent 

12. A house which cost $2400 was sold for $3000 
What per cent was gained ? Ans. 25 per cent 
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FELLOWSHIP. 

ISEJr* Fellowship is the union of two or more indi* 
riduals in trade, with an agreement to share the losses 
tnd profits in the ratio of the amount which each in- 
dividual puts into the partnership. The money employed 
ii called the capital stock. 

The loss or gain to be shared is called the dividend, 

WhU it Fel]ow>]>ip 1 What te the capital itock 1 What it the dividend 1 
EXAMPLES. 

1. A, B, and C, enter into copartnership. A put in 
1180, B put in $240, and C put in $480. They gained 
♦SOO. What is each one's part of the gain ? 
$180 A's stock. 
240 B's stock. 
480 Cs stock. 

$900 whole stock. 
ii%= J = A's part of the entire stock. 
■f4*=TV=B»s " ^ « « " 
nt=TV=C's « a u cc a 
Hence, A must have i of $300= $60 for his gain, 
B '' « ^ of $300= $80 « " « 
C « " TVof$300=$160 « " « 
$300 
iPtom the above we may deduce the following 

RULE. 
Make each partner's stock the numerator of a fraction^ and 
'he sum of their stock a ^common denominator; then multiply 
he whole gairi or loss by each of these fractions, for each 
mrtner^s share. 

Digitized by VjOOQIC 



2^2 ELEMENTARY ARITHMETIC. 

%. Rye persons, A, B, C, D, and E, are to share between 
them $2400. A is to have ^ ; B is to have J ; C is to 
have f ; D and E are to divide the remainder in proportira 
to the numbers 5 and 7. How ^much does each one 
receive? 

A receives } of $2400 =$400. 

B " lof 2400= 600. 

C " f of 2400= 900. 

$i!K)0. 

$2400 
1900 

$500 sum of lys cjid E's part 
5 represents l|^'s part. 
7 represents E*s part. 
12 represents the sum. 

Hence, D must receive /^ of $500=$208-33|, 
E must receive ^ of 500= 29 1 -661. 
3. There are three horses belonging to three men, eot 
ployed to draw a load of plaster ascertain distance foi 
$26-45. It is estimated that A's and B's horses do foi 
the labor; A's and C's horses ^^ ; B's and Os horses if. 
They are to be paid proportionally according to these es- 
timates. What ought each man to receive? 
A's and B's horses do } =i^ 
A's and C's Jiorses do /tf=ii 
B's and C's horses do i^f =if • 
Adding all these fractions together, we shall obtain 
twice what they all do, according to the above estimalt; 
if we take half the sum, it will give the part oupposed to 
be done by all. 

Hence, A's, B's, and C's horses do -Jf. 
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If from this fraction we subtract -Jf , which is B^s and 
C's, we find fj for the part supposed to be done by A's 
horse. In the same way we find «ft for the part done hy 
B's horse, r^ will represent the part done by C's horse. 

Therefore, the parts which the thrte horses are sup* 
posed to do are i J, jft, A- * These fractions; having a com- 
mm denominator, must be to each other as their numer 
ators, that is, as 10, 5, 8, whose sum is 23. 
Hence, A ought to have -H of $2645 =$11-50. 
B ought to have -fy of ' 26-45= 6-75. 
C ought to have A^of 2645=: 920. 
Proof, $26-45. 

4. A, B, and C, agree to contribute $365 towards build- 
ing a church, which is to be at the distance of 2 miles 
from A, 2i miles from B, and 3-J- from C. They agree 
that their shares shall be proportional to the reciprocals 
of their distances from the church. What ought each to 
contribute ? 

The reciprocals of the numbers 2, 2^, 3^, are -J, A, 
f ; these reduced to ^ common denominator, become m^ 
Hii -AV' Now, we must obviously divide $365 in the 
proportion of these numerators ; their sum is 365. 

Hence, A must contribute -|fi of $365=$16U 
B " -Hfof 365= 112. 

C " -ftVof 365= 92 . 

Proof $365. 

5. A person wills to his two sons and a daughter, the 
following sums : To the elder son $1200, to the younger 
son $1000^ and to his daughter $600 :, kiut it is found tha 
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his whole estate amounts to only $800. How much 
ought each child to receive ? 

( The elder son received $342-857+. 
Ans.-i The younger son received 2857 1 4f. 

L The dai^hter received 171 -428+. 
6. Four persons, A, B, C and D together contribute $50G 
towards the erection of a school-house, which is located 
at the distance of •}- of a mile from A's residence, i of a 
mile from B's, ^ of a mile from C's, and 1 mile from Pa. 
They contributed in the reciprocal ratio of their respective 
distances from the school-bouse. How much did each 

give? 

rA gave U of $500=$240. 

Arts }^ « A of 500= 120. 

I C " ^ of 500= 80. 

Ld « A of 500= 60. 



DOUBLE FELLOWSHIP. 

13tS« When the stock of the several partners continues 
in trade for unequal periods of time, the profit or loss 
must be aj^portioned with reference both to the stock and 
time. In such cases the fellowship is called Double Fel- 
Lowsmp. 

What it Double Fdlowthip 1 

EXAMPLES. 

1. Three partners. A, B and C, put into trade money at 
folbwa^: A put in $400 for 2 months ; B put in |300 fcl 
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4 months ; G prat in #500 for 3 UKHiths. They gained 
•350. How must they share of this gain ? 

It is evident that $400 for 2 months is the same as 
1400 x2=$800 for one month. 

And $300 for 4 months is the same as $300 x 4=:$1200 
for one month. 

And $500 for 3 months is the same as $500 x 3=$1500 
for one month. 

Hence, $800 A*s money for one month. 
1200 Fs money for one month. 
1500 0*s iponey for one month. 
$ 3500 

Therefore, by Single Fellowship, 

A must have WW=A of $350=$80. 
B « « .««♦=« of 350= 1«0. 
C « « iW=* of 350=150. 

$350Proo£ 

RULE. 

Multiply each partner^ s stock by the time it was in trade ; 
make each product the numerator of a fraction^ and the sum 
of the products a common denominator ; then multiply the 
fehole gain or loss by each of these fractions, for each parU 
net's share. 

BeoMtt thii RuiA. 

2. Tiaree farmers hired a pasture for $55 -50 for the 
leason. A put in 6 cows for 3 months, B put in 8 cows 
for 2 months, C put in 10 cows for 4 months. What rent 
Might each to pay? TA ought to pay $13-50. 

Ans.<B " 1200. 

23 ^^ ** ^^'^^ 
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3. On the first day of January, A began bnsinees wkh 
S650 ; on the first day of April following, he lock B into 
partnership with $500 ; on the first day of next July, they 
took in C with $450 ; at the end of the year they fiMmd 
they had gained $375. What share of the gain had 

each? 

{A had $195. 
B « 112-50. 
O " 67-50. 

4. A, B and C, have together performed a piece of 
work for which they receive $94. A worked 12 dajBof 
10 hours each ; B worked 15 days of 6 hours each; C 
worked 9 days of 8 hours each. , How ought the $94 to 
be divided between them ? 

A worked 12 x 10=120 hours. 
• B « 15 X 6= 90 hours. 
C « 9x 8= 72 hours. 
282 

Therefore, A had +1^ of $94=1^ of $94= $40. 

BhadVWof 94=ifof 94= 30. . 
Chad,%of 94=ifof 94= 24 

5. A ship's company take a jwize of $4440, which th^ 
agree to divide among them according to their pay tmd the 
time they have been on board. Now the officers and mid- 
ihipmen have been on board 6 months, and the sailore 3 
months ; the officers have $12 per month, the midshiimien 
$8, and the sailors $6 per month ; moreover, there are 4 
officers, 12 midshipmen, and 100 sailors. What will eacb 
ooe's share be? 

{Each officer must have $120. 
Each midshipman ^ 8(X 
Each sailor " 30. 
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ASSESSMENT OF TAXES 

136» Tazes are moneys paid by the people for the 
support of government. They are assessed on the citi- 
Bens in pro'^rtion to their property ; except the poll tn^^ 
which is so much for each individual^ withoiut regard to 
his property. 

In order to ascertain what each individual ought to pay, 
an accurate inventory of all the taxable property must be 
made. 

When a tax is to be assessed on property and pells, we 
must first see how much the polls amount to, which must 
be deducted from the whole sum to be raised ; #(B must 
then apportion the remainder according to each individuaPf 
property. 

To effect fnis apportionment, we find what per cent of 
the whole property to be taxed, the sum to be raised is ; 
we then multiply each one's inventory by this per cent^ 
expressed in decimals, and the product is his tax. 

Assessors find it convenient to form a table which shall 
at once give the taxes on small sums, from one dollar and 
upwards. 

What are taxes ? How are tbey aisened % V^Hiat it a poll tax 1 W\y mnit w 
tetiofKle iiiTentory of all the taxable |«operty be made I VV^en a certain tax if to b« 
kid (« property and polls, wbich must be found first 7 Having deducted the amooil 
of poU taxet> how do wq proceed 1 Having found the tax on one dollar, bow do vm 
•biaia the tax for anj other amount 1 May the labor be shortened by meani of A 

laUel 

• 

EXAMPLES. 

t. Suppose a tax of $600 is to be raised in a town con- 
taining 60 polls. If the whole taxable property amounts 
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to $37db0, and each poll tax is $0-75, what will be A'l 
tax, "^A(hose property is assessed at $653, and who payi 
one poll 1 

$0 75 amount of one poll tax. 

60 

. $45 00 amount cf all the poll taxes. 

$600 whole amount to be raised. 
DeduC^ 4(5 amount of poll taxes. 

$ 555 amou nt to be raised on $37000. 
Hence, -gff^=$0-015 tax on one dollar. 
Having found the tax on one dollar, we readily cwh 
struct this 

TABLE. 



$1 pays 


$0015 


$20 pays $0-30 


$200 pays $3 00 


2 « 


•03 


30 " -45 


300 '' 4-50 


3 « 


•045 


40 *' •eo 


400 " 600 


4' " 


•06 


50 « 75 


500* « 7^50 


5 « 


•075 


60 " -90 


600 « 900 


6 « 


•09 


70 <* 105 


700 « 10-50 


7 " 


•105 


80 ^ 1-20 


800 " 1200 


8 « 


•12 


90 " 135 


900 « 13-50 


9 « 


•135 


100 « 1-50. 


1000 « 1500 


10 « 


•15 







. Now, to find A*s tax, his property being $653, 1 find by 
the above Table, that 

The tax on $600 is $9-00. 

The tax on 50 is -75. 

The tax on .3 is -045. 

The tax on $653 is $9-795. 
One poll is -75 



$10*545 tax required. 
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2. By the above taDi«, what would be the tax on 8425, 
there beiog no poll tax? Ans. $6*375. 

3. By the same table, what must B pay, who has 2 
polls, aiK^hose real and personal jMroperty is assessed at 
•762? "* Ans. « 12-93. 

4. If C pa3rs 3 polls, and is assessed a. $1250, how 
much ought he to pay? Ans, $21. 

5. What is the tax on $375, there ueing no polls ? 

Ans. $5 625. 

6. How much is the tax on $1875? ' Ans. $28-125, 

7. How much is the t;ax on $1100? Ans. $16-50. 

^ Note.— By this method school rates may be eompakcd, taxes 
foihniidiBg school-houses, or, kideed, rates for any other similar 
purposes. 



EQUATION OF PAYMENTS. 

13T* Equation op Payments is a process by which 
we ascertain the average time for the payment of several 
sums due at different times. 

What ii Eqoation of P« jments 7 

Suppose I owe $1000, of which $100 is due in 2 months, 
$250 in 4 months, $350 in 6 months, and $300 in 9 
months. Now, if I pay the whole sum at once, how 
many months credit ought I to have? 

A credit on $100 for 2 months "j 
IS the same as a credit on $1 for M 00 x2mo.= 200mA 
200 months. ^ J 

23* n T 
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A credit on $250 for 4 months 1 
is the same as a credit on $1 for v250x4mo,:=:l00(y»w 
1000 months. J 

A credit on $350 for 6 months'! 
is the same as a credit on $1 for 1-350 x6mo.=2100mft 
2100 months. J 

A credit on $300 for 9 months | 
is the same as a credit on $1 for >300x9i7k'.= 2700siit 

2700 months. J 

$1000 6000m 

Hence, I ought to have the same as a credii on $1 fen 
6000 months. But if I wish a credit on $ 1000 instead of 
$1, it ought evidentlj to be for only one thousandth part 
of 6000 months,, which is 6 months. 

Hence, we infer this 

RULE. 

Multiply each sum by the time that must elapse before U 
becomes due ; divide the amount of these products by th 
amount of the sums ; the quotient will be the equated time, 

EXAMPLES. 

1. I purchased a bill of goods amounting to $1500, of 
which I am to pay $300 in 2 months, $500 in 4 i^onths, 
and the balance in 6 months. What would be the o^an 
time for the pajrment of the whole? 

Ans. 4t-^mo.^ or 4mo, 16d& 
2^ A merchant owes $500 to be paid in 6 months, |600 
to be paid in 8 months, and $400 to be paid in 12 mond» 
What is the equated time of payment? 

Ans, 8fmo., or Brno, 12i& 
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3. A owes B a certain sum ; one third is due in 6 
months, one fourth in 8 months, and the remainder in 111 
months. What is the mean time of payment ? 

It is evident that it makes no difference what the amount 
k which A owes B, since it is certa,in fractional p&r^ 
which become due at particular times. If we suppose tb« 
eum to be $1, then our work will be 

mo. mo, 
+ X 6=2 
iX 8=2 
Remainder is -flf, and t^ x 12=5 

Ans, 9 months. 
The least sum which we can take so as to avoid frac- 
tions is $12. In this case we have 

■J of 12=4, and 4x 6mo.=24/yw 
iofl2=3, « 3x 8mo.=24i7i(?. 
Remainder, =5, ** 5x1 2mo. = 60mo. 

12 108mo. 

Hence, ■W-=9 months fprthe time. 

4. A merchant has due him $300 to be paid in 2 months ; 
1800 to be paid in 5 months; $400 to be paid in 10 
months. What is the equated time for the payment of the 
whole % Ans. S^-Jwio., or omo. 22da, 

5. A merchant owes $1200, payable as follows : S200 
in 2 months, $400 in 5 months, and the remainder in 8 
months. He wishes to pay the whole at one time. Wliat 
is the equated time of such payment ? Ans. 6 months. 

6. A merchant bought goods to the amount of $2400, 
for one fourth of which he was to pay cash at the time of 
receiving the goods, one third in 6 months, and the balance 
in 10 months. What, was the equitable time for the pay* 
ment of the whole ? 
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f te $2400 ^.«600, which for 
inonth«» gives 600 x 0= Otm. 

i of $2400 -'. $800, which for 6 
months ^ives 800 x 6^ iBOOnw 

Balanie=«lCOO, which f<Mr 10 
months gives 1000 x 1 = 1 OOOOmo. 

2400 14800mo 

.Hence, I4800mo.-f-2400=6j^ months for the time sought 

It is obvious that the time may be estimated in dajrs as 
well as in months. To illustrate this we will give several 
examples of this kind. 

7. Suppose I owe $100 payable on January 1st, $150 
on February 5tb^ $300 on April 10th. If we coimt from 
January 1st, and allov 29 days to February, it being 
Leap year, on what day ought the whole sum in equitj 
to be paid ? 

Coimting from January 1st, the. $100 will have no tima 
ef credit: 100 x 0<^.= Oda. 

From Jan. 1st to Feb. 5th is 
35 days: 150x 35(Z(?.=: 5250(ifl. 

From Jan. 1st to April 10th is 
1 00 days : 300x 100</a»=30000 <fa. 

550 Z5250d4. 

Hence, 35250Ja.-f-550=64yY days, or counted from 
Jan. 1st, gives March 5th for the equated time of the pay- 
ment of the whole. 

Note. — The table under Art.* 70 will be found very cwivcnfflil 
for determining the number of days between the different dates. 

8. A merchant bought a bill of goods amounting t« 
$1000. He agrees to pay i|250 the first day of the next 
March, $250 on the 3d of the following May, $250 on the 
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<th of tbe following July, and the remaining $^250 on the 
I5tli of the following September. What would be the 
equitable time for pajring the whole ? 

In this example, all the payment* being equal, we i^y 
take for each one any sum we please. For simpHcity wa 
vill consider each payment as $1. 

Counting from March 1st, we see that the first pc^^mail 
lias no credit : Ix days= days. 

From March 1st to May 3d 
8 63 days: Ix 63 days= 63 days. 

From March 1st to July 4tli 
8 125 days: 1x125 days=125 days. 

From March Ist to Sept. 
I5tb is 198 days : 1 X 198 days= 198 days. 

H 386 days. 

Hence, 386 days -r- 4 =96i days. Calling this 97 days, 
md counting from March 1st, we have June 6th for the 
ime sought. 

When a debt due at some future period has received 
Weral partial payments before the time due, to find how " 
^Dff beyond this time the balance may in equity remain 



9. Suppose $1000 to be due at the end of 6 months; 
bat 3 months before it is due there was paid $100, and 
liat 1 month before the expiration of the 6 months, there 
^aa paid 8300. How long after the end of the 6 monthf 
ftay the balance of $600 remain unpaid ? 

100x3»w>.=300wo. 
300xlm<?.=300m o. 

600)600m<?. 

Ans. 1 month. 
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Hmice we have this 

RULE. 

MvMiply each payment hy the time it was paid before due 
then divide the sum of the products thus obtained by tk 
halance remaining unpaid; the quotient will be the equated 
time, 

EXAMPLES. 

10. Suppose $1496-41 to be due at the end of 90 days, 
that 84 days before it is due there is paid $500 ; 32 days 
before the 90 days exgke there is paid $502*50. How 
long after the 90 days before the balance of $493-91 
ought to be paid 7 Ans, 1 1 7jt days. 

1 1. A lent $200 to B for 8 months ; at another time be 
lent him $300 for 6 months. For how long a time ought 
B to lend A $800 to balance the favor? 

Ans, 4-}- months. 

1SB8. It is customary with many merchants to give a 
credit, of from 3 to 6 months, on their bills of sale. In 
such cases, in settling up their accounts, which generally 
consist of various items of debit and credit at sundry times, 
it is very desirable to have some simple rule by which the 
cash balance can be found. We have prepared a rule 
for this purpose. 

Suppose A has the following account with B : 



184& 


Dr. 


18^ 


o. 


laa. 10. To Herchandiiei . 


. $100 


Feb. a By MerchandiHS 


. la 


Much SO. •* «* . . . 


. 400 


April 23. " "... 


. . J3 



What is the cash balance, July 10, 1848, if interest is 
estimated at 7 percent, and a credit of 30 days is allowed 
on all the different sums ? • 
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rcre not ( 
be balanced aa follows 



If interest were not considered, the above account eould 



184a Dr. 

Ju. le. ToM««ha^MliM» #100 

Vtiehae. - " .... 400 



1848. Cr. 

Fob. a By HerehanCite, . . $S0 

April 23. " " 375 

<* Balaneo 73 

•500 



•500 

To Balance •TS 

Had no credit been given, the debits should be increased 
by the following items of interest: (See Table, Axt. 76, 
and Rule, Art. 114* ) 

0n$100forl82daysat7percent.=10Cxl82xf^. # 

« 400 ♦ 106 « " « =400xl06xi'^. 

In like manner the credits should be increased by in- 
terest: 

On $50 for 153 'days at 7 per cent. = 50 x 153 x f ^. 

u 375 ^ 78 « « « =375 X 78x*V^. 

But, since 30 days credit is given on all sums, it follows 
that by the above, we should increase the debits by an 
5XCCSS of interest equal to the ihterest of the sum of 
iebits, $500, for 30 days =500 x 30 xf#f . In hke man- 
ler we should increase the credits by an excess of in- 
terest equal to the interest of sum of credits, $425, for 30 
Iays=425x30xf^. 

Now if, instead of diminishing the debit items of interest 
>7 500 X 30 xiVy^, and the credit items of interest by 425 
X30 xfV^, we merely diminish the debit items of interest 
\j the interest on merchandise balance, $75, for 30 days, 
vliich is 75x30xi'^, the result wil be the same. 
Lnd since taking any sum from one side of a book 
x^count has the same efiect as adding the same sum to 
he other side, it follows, that instead of diminishing the 

V 
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debit items of interest by 75 x 30 x %'^, we may incieaM 
the credit items of interest by this same quantity. 

From which we see that the difference between 
100 X 182 X ifi-4- 400 X 106 X f AF and SOx 153 x Wf 
375 X 78 X i'i^+75 x 30 x f ^ is the interest balance. 

The operations indicated in the foregoing work may be 
exhibited in a more condensed form, as follows : 



Debits. 
$ Day.. 

100x182=18200 


CmBDm. 
$ Day.. 

50x153= 7650 


400x106=42400 375 x 78=29250 


60600 , 75x 30= 2250 


39150 39150 


f^ 6f 21450=$4-ll=tWerc5^ balance. 


Hence the foregoing account will become balanced as 
follows: 


1848. Dr. 

Maieh96. '< "... 40000 
July 10. "balance of intertrt .411 


1848. O. 
Feb. 8. By MerehandiM, . . tSNI 
ApriI23. " . " . . »5« 
July U). ** balance .... 1911 


50411 
July 10. " Caih balance . . tTO-ll 


"^ ISM-U 


From the above, we deduc 


ethis 



RULE. 
Place such sum on the debtor or credit side as moff k 
necessary to balance the account, which sum may be regarid] 
as MERCHANDISE BALANCE. Then multiply the number o, 
dollars in each entry by the number of days from the Uni 
such entry was made, to the time of settlement ; observing Ui 
multiply the merchandise bcdance by the number of dca; 
for which credit is given. 
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MuUiply ike difference between the sum of the debit pro' 
ducts J and the sum of the credit products^ by the interest of 
$1 for 1 day ; the product will be the number of dollars in 
iNTEiirsT BALANCE, which will be in favor of the debit side oj 
account, when the sum of debit products exceeds, the sum of 
jredit products ; but in favor of the credit side when the 
sum of credit products exceeds the sum of debit products. If, 
then, the interest balan^ be added to^ or subtracted from, the 
merchandise balance, as the case may require, it will give the 
cash balance. 

EXAMPLES. 



1. Suppose A has the following account with B : 



1848. Dr. 

iaa. 1. To M«rchandlie» . . . |90O 

MoxehS. « " 500 

May 10. " •* . . . . 100 

June & *" " 300 



1100 
^0 



1848. 

Jan. 15. By MerchandiM, 

March 20. " " . . . 

May 3. " . "... 

July 1. •♦ "... 



Or. 
.9300 

. 400 
. 200 
. SO 

•990 



Merchandise balance $150 

What is the cash balance of the above account on the 
Ist of July, 1848, provided each individual is allowed 90 
days time on his purchases, if interest is estimated at 7 
per cent. ? 

OPERATION. 

Crbsit Products. 
$ Dayi. 
.300x168+60400 
400X103=41200 
200X 69=11800 
SOX 



Dbbit Pboducti. 
$ Days. 

200x18-2=36400 
600X120=60000 
100 X 62= 5200 
300 X 26= 7600 



0= 



nOOx 10910J) Md.bal. 160X 90 =13600 



24 



P'Ot 



116900 
109100 

of 7800=1-49 newlr 
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hence $1*49 is the interest balance, which balance ii ia 
favor of the credit side ; but $150, the merchandise balance, 
was in favor of the debtor side; consequently the cask 
balance is $160— $1-49=$148-51 in favor of A. 

2. Suppose A*s account with B to have been as fol* 
lows: 



184& 

Jan. 10. To Merefaandiie, . 

F«b. 25. " " . . . 

Marehl. « " . . 



Dr. 

.#250-37 

. 113-04 

405-50 

760<» 



If erehandife balanctt , 8(^48 



1848. 

June 2}i By MetebaiidiM, 

July 20. " "... 

July 28. *« , «... 



.•STil 

. SMS 
. OOIHO 

t8B8S 



What is the cash balance, and in whose favor, <m the 
1st of August, 1848, provided 6 months, or 180 dajs' time 
is given, interest being 6 per cent. ? 

Note. — In practice, when the cents in any of the en'rics, as to 
this example, are less than 50, we may, without sensible error, omit 
them; but when they are 50, or greater, we may consider them ti 
an additional dollar. 



OPERATION. 



Vuvir Pkoducti. 
• Days. 

250x204=51000 




Crbiht Pbositct:^ 

38 x 37= 1406 


113x158=17854 




51 X 12= 612 


406x;53=62118 
769 130972 


600 X 4= 2400 
Md.bal. 80x180=14400 


18818 

. -IW of 112154=18-44 
the interest balance, which 


18818 
[ nearly; hence 1 18*44 if 
balance is in favor of the 



debtor side. The merchandise balance of $80-48 was also 

Digitized by VjOOQIC 



INVOLUTION. 27^ 

in favor of the debtor side, consequently the cash balance 
is $80-48H-$18 44=$98 92 in favor of A. 

JVhat if meant by a etsb balaiioe? What It neant by merohandiM bakaeel 
Initaad <:^ diroinithinf one side of a book aceount by a certain sum, what may be 
lone t How is the interest balance found 1 In iavor of which side of an aecoont 
via Jm interest balance bet Repeat the Role. In practioa, what may be done wMi 
s in any of the entf iee t 



INYOIUTION. 



139* The product arising from multiplying a roimber 
into itself is called the second power^ or the square of that 
Dumber. Thus, 3x3=9: the number 9 is the square 
of 3. 

If the square of a number be again multiplied by that 
number, the result is called the third power, or the cube of 
the nimiber. Thus, 3x3 x 3=27 : the number 27 is the 
cube of 3. 

The word potoer denotes the product arising from mul- 
tiplying a number into itself a certain number of times ; 
and the number thus multiplied is called the root Thus, 
9 is the second power of 3, and 3 is the square root of 9. 
In the same manner 27 is the third power of 3, and 3 is 
the cube root of 27. 

Tne product arising from mnltiplyinf a number into itself is called what t If it be 
■Md as a factor three times, what power is it ? The number 9 is what power of 31 
The number 37 is what power of 3 1 What is the square root of 9 ? What is the 
Mbe loot of 271 

130* Involution is the method of finding the powers of 
numbers. ' 

To denote that a number is *o be raised to a power, a 
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small figure is placed above, a little to the right of the 

number whose power is to be found. 

The small figure is called the index, or-exponefU, 
Thus, 4*=4x4=:16; here the exponent is 2, and 4*de 

notes the second power of 4. In the same way we hav« 

3*= 3 the first power of 3. 
3*= 3 X 3= 9 the second power of 3. 
3'=r3x3x3= 27 the third power of 3. 
3*=:3 X 3 X 3 X 3 = 81 the fourth powei jf 3. 
8«=3 X 3 X 3 X 3 X 3=243 the fifth power of 3. 
&c., &c. 

The second power of a num- 
ber is called the square of 
that number, because it may 
be represented by means of a 
geometrical square. Thus, 
in the adjacent figure if the 
side of this square is 12 linear 
units, as 12 inches long, its 
entire surface vnll be denoted 
by 12 X 12= 144 square units, 
which in this case will be 144 square inches 

For a similar reason, the 
third power of a number is 
called the cube of that number, 
since it can be represented by 
the geometrical cube, as in the 
adjacent figure, where the side 
of the cube is supposed to be 3 
linear feet, consequently each 
face will be 3x3=9 square 
feet, and its volume will be 3 x 3 X 3=27 cubic feet 
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1 foot=12 inchei. 
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INVOtUTION. 28t 

To raise a number to any power, we have the follow* 

RULE. 

Multiply the number dontinucAly by itself^ is many, timet 
his one as there are units in the exponent ; the last product 
will be the power sought. - - *' 

Wbat it tnTolation 1 How do we denote that a number is to be fiiaed to a ptwwr 
IVhat it this sKoallfigufe placed above, a Httle to the rigfal, called t Bapeat the Rate 

EXAMPLES. 

1. What is the scfuare of 23 ? Ans. 529. 

2. What is the cube of 17 ? Ans. 4913. 

3. What is the fifth power of 47 ? Ans. 229345007. 

4. What ia the ninth power of 9 1 Ans, 387420489. 

5. What is the square of 625 ? Ans. 390625. 

6. What is the cube of 48 ? Ans. 1 10592. , 

7. What is the square of 075 ? Ans. 0-5625. 

8. What is the cube of 0-65 ? Ans. 0-274625. 

9. What IS the square of 8^ ? Ans. 72j.. 

10. What is the square of J ? Ans. tV« 

11. What IS the cube of i ? Ans. f^. 

12. What is the cube power of 3+ ? Aiw. -4ffl-=:i37^. 

13. What is the fifth power of 2^ ? 

^n^.i|j|jx=157TVW. 

14. What is the third power of 0-5 ? Ans. 0-125. 

15. What is the fourth power of 025? 

Ans. 000390625. 

16. What is the square of f ? Ans. ^ 

17. What is the cube of \\% Ans. 3|. 

18. What is the ctibe of 2} ? Ans. lO-j^^. 

24* 
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EVOLUTION. 

131« Evolution is the reverse of in7/)lution ; that is, 
it explains the method of resolving a number into equal 
factors. \ 

When a number can be resolved into equal factcwcg, one 
of these factors is called a root of the number. 

If the number is resolved into two equal factors, one of 
these factors is called the square root. 

Thus, 36=6 X 6, and 6 is the square root of 36. In the 
seme way 7 is the square root of 49, since 49=7 x 7. 

To denote that the square root of a number is to be 
found, we use the symbol -/. Thus, -/SI denotes that 
the square root of 81 is to be found; that is, y81=9; 
so-v/lOO^lO; -/25=5. 

When a number is resolved into three equal factors, one 
of thesb factors is called the cube root of the number. 
, Thus, 64=4 X 4 X 4, and 4 is the cube root of 64 ; also 
5 is the cube root of 125, since 125=5x5x5. 

To indicate that the cube root, of a number is to be 
found, we use the symbol ^ ; thus, ^7 denotes that the 
cube root of 27 is to be found ; that is, ^7=3 ; sof64 
=4; ^8=2; -^16=6. 

We shall hereafter use the dot (.) to denote multiplica- 
tion. Thus 3.4 indicates that 3 is to be multiplied bj 4. 
Also 3x4.8 denotes that the product of 3 and 4 is to be 
multiplied by 8. 

When the dot is used to denote multiplication, it w 
placed near the bottom of the Hne, but when used to de- 
note a decimal, it is placed near the middle of the line. 

What it Evolution 1 When a nnmber can be iwoWed Into a number of eqial fcr 
loit» what U such a factor called 1 If tke number is reiolv«d into two equal hdm 
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what ia tba roo» called 1 Wheo ra«ohred into thne equal ^ton, what if the rooi 
called t What character it uied to d«aote the iquara rooti What to denote the 
cube root 1 What ii the square root of 811 What is the square root of 100 1 Wha 
iitbecnberootofST? What b the eobe root of 81 What additional sifn of ninJ 
ti|dicatioa is used 1 

Before explaining the method of extracting the square 
roots of numbers, we shall involve some numbers I y con- 
sidering them as decomposed into unitSy tens, hundreds, &c 

What is the square of 25 ? Of 35 1 

OPERATION. OPERATION. 

25=20+ 5 35=20+ 5 

20+ 5 30+ 5 

100+25 150+25 

400+100 900+150 

25»=400+200+25 35^=900+3004 25 
By a similar method, we find 

46«=(40+6)«=40«+2x 40.6+6''= 1600+480+36. 

54«=(50+4)«=50'»+2x 50.4+4^=2500+400+ 16, 

93*=(90+3f=90«+2x90.3+3»=8100+540+ 9. 

482=(40+8)«=40«+2x40.8+8«= 1600+640+ 64. 

From the above, we draw the following property : 

The square of the sum of two numbers is equal to the 
square of the first number^ plus twice the product of the 
^rst number into the second^ plus the square of the 
econd. 

If we wish the square of the sum of three ninnbers,^ui 
6+8+9; we may tmite the first and second by means of 
a parenthesis, thus, for 6+8+9, we may make use of 
(6+8)+9; and now regarding 6+8 as one rrumber, the 
preceding rule for the sum of two numbers will apply to 
{6+8)+9 that is, the square of 6+8+9 is equal to the 
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squafe of 0+^;) P^s twice the product c/ (6+8) intolr 
plus the square of 9. But the square of 6+8 has already 
been shown to be, the squ£ure of 6, plus twice the product 
of 6 into 8, plus the square of 8. Hence, the square of 
6+8+9 is equal to the square of 6, plus twice the pro- 
duct of 6 into 8, plus the square of 8, plus twice the pio- 
iuct of the sum of 6 and 8 into 9, plus the square of 9. 
Or in general terms. 

The square of the sum of three numbers is equal iOtk 
square of the first number^ plus twice the product of the first 
number into the second, plus the square of the second; phu 
twice the product of the sum of the first two into the thirdj 
plus the square of the third. 

(Continuing in this way, we could show that, tJte square 
of the sum of any number of numbers is the square of the 
first number^ plus twice the product of the first number int9 
the second, plus the square of the second ; plus twice the pro- 
duct of the sum of the first two into the thirty plus tk 
square of the third; plus twice the product of the sum of the 
first three into the fourth ; plus the square of the fourth; 
plus twice the product of the sum of the first four into the 
fifth plus the square of the fifth ; and so on. 

We will now apply this general rule to a few esf 
amples. 

1. (2+3)«=2«+2x 2.3+31 

2. (5+7)«=5«+2x5.7+r. 
*. (3+4+6)*=3«+2 X 3.4+4«+2 x (3+4).5-l-5*. 
4. (5+6+7)«=6«+2x5.6+6«+2xC5+6).r+n 
6. (7+8+9)*=7«+2 X 7.8+8«+2 x (7+8).9+9\ 

6. (35)«=(30+5)«=30«+2x 30.5+5'. 

7. (47)*=(40+7)«=40«+2x40.7+r. 

8. (365)«= (300+60+5)« = 300«+ 2 X 300.60+ W- 
{300+60J.5+5'. 
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9. (487)«= (400+80+7)*= 400*+2 x 400.80 + 80«+ 

2x(400+8OV7 + r. 

The above method of squaring a number consisting of the sum 
of two or more numbers, is elegantly illustrated geometrically ah 
follows: 

The square ABCD may be en- M P 

^ed to the square AEKF, by the 
t^diiion of the two equal rectangles 
BGaal DH, whose lengths are each 
qual to the side AB of the original 
'^^lare, and whose widths are equal 
^oBE, the quantity by which the 
side of the square has been aug- 
mented, also a Httle square, GGKH, 
whose side is the same as the width 
Jtf one of the equal rectangles. 

Again, the square AEKF, having its side increased by EL, be- 
comes augmented by the two rectangles EN, FP, and the little 
sqnare KR. Thus we might continue to augment the square last 
onnd by the addition of two equal rectangles, and a little square; 
^e length of each rectangle being equal to the side of the square 
^hich is to be augmented, and the width equal to the quantity b ' 
^Mch the side of the square is increased ; and the side of the little 
^nare being the same as the width of one of the rectangles. The 
^ram is adapted to the case of squaring 400+80+7=487. 

133« Let^ us now, by reversing the above process, deduce a 
Qle for extracting the square root 

Let it be required to extract the square root of 527076. For the 
ike of simplicity, we will suppose we are required tb find the num- 
Br of feet in the ^'.ie of a square whose area shall contain 527076 
juarefeet. 

The smallest number, consisting of two figures, which is 10, b^ 
wnes, when squared, 100; having more than two figures. Again, 
« largest number of two figures, 99, becomes, when squared, 9801, 
iving four figures. Hence, when a number consists of more than 
vo figures, and of not more than four, its square root will consist 
two figures. By a similar method it may be shown, that when 
number consists of more than four, and of not more than six 
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F 



11 



figures, its square loot will consist of three figures. Therefore, if 

we separate a namber into groups of two figures each, the nmnbei 
of groups will denote the number of figures in the square root of 
that number. 

In this example, we see that there must be three figures in tht 
root. ^ 

We know that the «ide of the square sought must exceed 701 
\near f<AH, since the square of 700 is 490000, which is less than 
&37076 : we also know that the side of this square most be less chaa 
iN)0 Ixmar feet, since the square of 800 is 640000, which is greater 
than 527076. Hence the first, or hundreds' figure of the root, ^ 7; 
which is the greatest number whose square can be contained in 53, 
the first or left-hand period. 

If we suppose each 

side of the square -^ P_ 

ABCD to be 700 
Im^cur feet, its surface 
will be 700 X 700= 
490000 tqmre feet, 
which, subtracted 
from 527076 square 
fi^t, leaves 37076 
iqwire feet. 

Hence it is neces- 
sary to increase the 
square ABCD, 'by 
37076 square feet. We 
have seen that such 
increase is effected 
by the addition of 
two equal rectangles, and a little square. The surface of the twn, 
rectangles will evidently make by far the largest portion ot the I 
whole increase. The length of one of these rectangles is the sxm | 
as the length of a side of the square ABCD, which has alrerff 
been shown to be 700 Unear fbet. The length of the two reciangiei 
taken together will be twice 700 liiiear feet, or what would be tlie J 
same thmg, 700 linear feet added to 700 linear feet. If to BC, which j 
is 700 linear feet, we add CD, which is also 700 linear feel, i 

" have BC+CD equal to 1400 linear feet, for the length of th^ 
^tangles. Were we to multinlv 1400 bv the width of i 
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rectangle, we should obtain the number of square feet in these 
rectangles, or nearly the 37076 square feet which require to be 
added. Consequently, if we divide 37076 by 1400, the quotient will 
give the approximate width of the rectangles. Using 1400 as a 
Wial dtdtsoTy we find it to be contained between 20 and 30 times in 
37076; hence the second or ten's figure of the root is 2, But be- 
sides ihe rectangles, there must be added the liUk square CGKH, 
each side of which is 20 linear feet, we wiH therefore add 20 to 1400, 
and thus obtain 1420 for the total length of the two rectangles and 
the side of the little square. Now, multiplying 1420 by 20, we ob- 
tain 28400 squa/re feet for the total additions,. which subtracted from 
37076, leaves 8676 square feet. Th^ square A£ KF thus completed 
is 720 feet on a side. 

Again, a side of thig square is to be ftirther increased so that the 
added surface will amount to 8676 square feet. And, as before, the 
parts added will consist of two equal rectangles and a UUle square^ 
The trial divisor, which is the sum of the length of the two new rect- 
angles, is the same as the sum of two sides of the square AEKF. 

If, now, to 1420 already found, we add 20, we shall have 1440, 
which is the sum of EK and KF, and which is our second trial 
divisor. We find this divisor contained between 6 and 7 times in 
8676; hence our third or units' figure of the root is 6. Therefore 
6 is the width of the second set of rectangles. The second little 
square KNKP, of the same width as the rectangles, must be 6 linear 
feet on a side ; therefore, adding 6 tp 1440, we find 1446 for the whole 
length of the new rectangles and a side of the second little square. 
Multiplying 1446 by 6, we obtain 8676 square feet as the sum of the 
series of additions to the square AEKF, thus forming the square 
ALRM, which is the square sought j each side being 726 feet. 

The abeve work may be arranged as follows : 

NuMBKE. Root. 

lAnearfeet. Square feet. Linear feeL 

700 527076(700-h20+6=Taa 

1400— 1st trial divisor. 490000 
1420 37076 

1440s2d trial di/isor 28400 
1446 8676 

8676 
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If we omit the ciphers on the right, the work will take the follow- 
ing condensed form : 

NuMBKR. Root. i 

JJ.nta.rfuL Square feet. Linear feet 

7 527076(726 

14=lst trial divisor 49 
142 370 

144=2d trial divisor 284 
1446 8676 

8676 


CASE L 

From the above process, we deduce the following ruk 
for the extraction of the square root of a whole number. 

I RULE. 

/. Separate the given number into periods of two figwa 
each, counting from the right towards the left, Whentk 
number of figures is odd, it is evident that the lejl-hand^ or 
first period, will consist of but one figure, 

II, Find the greatest square in the first period^ andplaa 
its root at the right of the number y in the form of a qnatieiU 
in division, also place it at the left of the number. SuhtTaiA' 
the square of this root from the first period, and to the re- 
mainder annex the 'second period ; the result wilt he tk 

FIRST DIVIDEND. ^ 

///. To the figure of the root, as placed at the left oftkt 
number, add the figure itself and the sum, with a cipher an* 
nexed, will be the first trial divisor. See how many tima 
this trial divisor is contained in the dividend ; the quottent 
will be the next figure jfthe root; this must he added to 
the trial divisor ; the result will be the true divbok. 
Multiply the true divisor by this last figure of the root, and 
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subtract the prodvctfrom the dividend^ and to the remaindef 
annex the next period, for a new dividend. 

IV. To the last true divisor add the last figure of the 
T9oi ; the sum^ with a cipher annexed, will he a new trial 
mvifOR. Continue to operate as before, until aiU the perioii 
kjKce been brought down. 

Note.— In case any dividend is not so gieat as its tria. divisor, 
re must write as the next figure of the root ; we must also placf 

at the right of the divLsor, and form a new dividend by iBLnnexiof 

1 new period. 

EXAMPLES. 

1. What is the square root of 1 1390625 1 

OPERATION. 

3 ir39W25(3375 

\ 63 9 



667 
6745 



239 

189 



5006 
4669 

33725 
33725 



!4 What is the square root of 1.1019960576? 

• Ans. 10497a 

8 What is the square root of 276793836544 ? 

^TW, 526112* 

4. What is the square root of 12321 ? Ans. IIL 

5. W hat is the square root of 53824 ? Ans, 232. 

6. What is the square root of 30858025 ? Ans, 5555 

7. What is the square root of 16983563041 ? 

25 Ans. 130321 
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8. What is the squaie root of 852891037441 T 

Ans, 923521. 

9. What is the square root of 61917364224? 

^n^. 24883a 

CASE ZL 

To extract the square root of a decimal fraction or 3f i 
number consisting partly of a whole number, and party 
df a decimal, we have this 

RULE. 

/. Annex one cipher, if necessary, to the decimals, so thtt 
ihmr number shall he even. 

IL Then point off the decimals into periods of ttoofigwrn 
o<Mch, counting from the units^ place towards the right. If 
there are whole numbers, they must be pointed off as in Case 
I. Then extract the root, as in Case L 

Note. — If the given number has not an exact root, there will be a 
femainder after all the periods have been brought down, in which 
ease the operation may be extended by forming new periods of 
dphers. I 

EXAMPLES. J 

1. What is the square root of 348678401 ? 

Ans. 59049. 

2. What is the square root of 6-5536 1 Ar9^. 2-5& 

3. What is the square root of 0.00390625 ? 

Ans. 0-0625. 

4. What is the square root of 17 ? Ans. 4*123, nearlj. 
6. What is the square root of 37*5 ? 

Ans. 6-123, nearly. 
6t What is the square root of 00000012321 ? 

Ans. 000111 
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CASE m. 

To extract the square root 6( a vulgar fractio.i, or mizaif 
number, we have this 

RULE 

i. Reduce the vulgar fractiorty or mixed number j to tU 
simplest fractional form. 

IL Then extract the square root of the numerator and 
denominator separately^ if they have exact roots ; but when 
tkey have noty reduce the fraction to a decimal^ and proceed 
9s in Case IL 

EXAMPLES. 

1. What is the square root of -fff ? Ans, f. 

2. What is the square root of {^m ? Ans, f|- 

3. What is the square root of 4|i? Ans. 2^. 

4. What is the square root of i of f of 4" of -J ? 

Ans.i. 
6. What is the square root of 4J ? 

Ans, 2027oearly. 

6. What is the square root of || ? 

Ans, 0-8044 nearly. 

7. What is the square root of J J ? Ans, 0.52 nearly. 

CXAHFLES INVOLVINO THE PRINCIPLES OF THE SQUARE ROOH 

133* A triangle is a figure having three sides, and 
consequently three angles. 

When one of the angles is right, like the comer of a 
square, the triangle is called a right-angled triangle. Id 
this case the side opposite the right angle is called the 
hypotenuse. ogtzed by Google 
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It is an established proposition of geometry, that the squan 
of the hypotenuse is equal to the sum of the squares of thi 
Mer two sides. 

From the above proposition, it follows that the square t^ 
the hypotenuse^ diminished by the square of one of the sides, 
equals the square of the othe^ side. 

By means of th6se properties, it follows that two sidei 
of a right-angled triangle being given, the third side can 
be found. 

EXAMPLES. 

1. How long must a ladder be, to reach to the top of a 
house 40 feet high, when the foot of it is 30 feet from the 
house ? 

In this exEimple, it is obvious that the ladder forms ths 
hypotenuse of a right-ang^led triangle, whose sides are 30 
and 40 feet respectively. Therefore, the square of the 
liength of the ladder must equal the sum of the squares 
of 30 and 40. 

30^;= 900 
402 = 1600 

V^2500=50, the length of the ladder. 

2. Suppose a ladder 100 feet long, to be placed 60 feel 
from the roots of a tree , how far up the tree will the tqp 
of the ladder reach ? Ans. 80 feet 

3. Two persons start from the same place, and go, the 
one due north, 50 miles, the other due west, 80 milei 
IIow far apart are they ? Ans. 9434 miles, nearly. 

4. What is the distance through the opposite comen 
of a square yaid? Ans. 4*24264 feet, neariy. 

5. The distance between 'the lower ends of two equal 
rafters^ in the different sides of a roof, is 32 feet, and the 
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height of the ridge above the foot of the rafters is 12 feet 
What is the length of a rafter ? Ans, 20 feet. 

6. What is the distance measured through the centre 
of a cube, fiom one comer to its opposite comer, the cubt 
being 3 feet, or one yard, on a side ? 

^ . ^ Ans, 5196 feet, nearly. 

We know t from the principles of geometry , that all similm 
surfaces^ or areaSy are to each other as the squares of their 
like dimensions. 

7. Suppose we have two circular pieces of land, the one 
100 feet in diameter, the other 20 feet in diameter. How 
much more land is there in the larger than in the smaller I 

By the above principle of geometry it follows, that the 
quantity of land in the two circles must be as the squares 
of the diameters, that is, 100* to 20*, or as 25 lo I. 
Elence, there is 25 times as much in the one piece as 
there is in the other. 

8. Suppose, by observation, it is found that 4 gallons o! 
vater flow through a circular orifice of 1 inch in diameter 
n 1 minute. How many gallons would, under similar 
ircumstances, be discharged through an orifice of 3 inches 
Q diameter, in the same length of time 1 

Ans. 36 gallons. 

9. What length of thread is required to wind spirally 
round a cylinder, 2 feet in circumference and 3 feet in 
j^gtb, so as to go but once around ? 

It is evident that if the cylinder be developed, or placed 
pen a plane, and caused to toll once over, that the con- 
ax surface of the cylinder will give a rectangle, whose 
ddth is 2 feet, and length 3 feet ; at the saihe time the 
uread wi.l form its diagonal. Hence, the length of the 
ueadis Vl+9=-v/ 13 =3^0555 feet, nearly. 
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EXTRACTION OF THE CUBE ROOT. 

134. Ws will first involve a number to the tfabi 
power, that is, we will find the cube of that number. 
Let the number be 45. • 

45'=45 X 45 X 45=9 1 125. But we will separate thk 
number into parts ; that is, into tens and units^ and show 
by the aid of the exponent and the symbols, how the cube 
of the number when thus separated is obtained. 

OPERATION. 

40+5 
40+5 
40^+40.5 
+40.5+6« 



40*+2x40.5+5«=the squai^e of 40+5. 

40+5 

40'+2x40«.5+ 40.5« 

+ 40«.5+2x40.5»+5' 
40'+3 x40«.5+3 x 40.5«+5»=cube of 40+5. 
By a similar process we shall obtain 

(6+8)»=6»+3x6«.8+3x6.8*+8». 
That is, the cube of the sum of two numbers is, the cube of 
the first number, plus three times the product of the squere 
cf the first number into the second^ plus three times the pro- 
duct of the first into the square of the second, plus the cithi 
of the second. 

If we wish the cube of the sum of three numbers, as 
6+8+9, we may unite the first and /second by means of 
a parenthesis : thus, for 6+8+9, we may make use of 
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(d+ft)+9, and regarding (6+8) as one number, we find, 
ftccordrag-to the foregoing statement, that the cube of 
(6+8) +9 is equal to the cube of (6+8) plus three times 
Uie product of the square of (6+8) into 9, plus three times 
the product of (6+8) into the square of 9, plus the cube 
of 9. But the cube of 6+8, has already been shown to 
be equal to the cube of 6, plus three times the product of 
the square of 6 into 8, plus three times the product of 6 
into the square of 8, plus the cube of 8. Hence the cube 
of 6+8+9 is equal to the cube of 6, plus three times the 
square of 6 into 8, plus three times 6 into the square of 8, 
plus the cube of 8 ; plus three times the square of the sum 
of 6 and 8 into 9, plus three times the sum of 6 and 8 
mto the square of 9, plus the cube of 9. And in general^ 
toe have the cube of the sum of any number of numbers equal 
to the cube of the first number^ plus three times the square of 
the first number into the second^ plus three times the first 
into the square of the second^ plus the cube of the second ; 
plus three times the square of the sum of the first txjoo into 
the third^ plus three times th/s sum of the first two into the 
square- of the third, plus the cube of the third ; plus three 
times the square of the sum of the first three into the fourth^ 
plus three times the sum of the first three into the squarf of 
thefburthj plus the cube of the fourth, and so on. 
Thus : 

(2+3)»=2»+3x2».3+3x2.3«^+3l 

(5+7^=5^+3 x5*.7+3x5.7«+7l 

(54.6+7)»=5»+3x5«.6+3x5.6«+6' 
+3 X (5+6)^7+3 X (5+6).7»+7l 

(365)'=(300+60+5)»=300»+3x300«.60 
+3 X 300.60'+60'+3 X (300+60)».5 
+3x(300+60).5«+5l 
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TLe eubing of a number may he illnstrated geometiicaUj as SA 
lows: 

Let it be required to cube 45, the number before eir.ployed. 
To simplify the illustration, suppose we are required to find 
dw number of cubic inches in a cube whose side !s 45 inches 
Separating 45 into Fig. i. 

40+5, we will sup- 
pose the cube, (fig. 
1,) to be 40 inches 
on a side ; then 40 x 
40x40 will give the 
wAid contents of this 
cube, represented by 
40». 

Let fig. 2 represent 
the cube increased 
by ihree equal slabs ; 
then 3 (the number 
of slabs) times 40^ 
(the surface of one of 
the slabs,) multiplied 
by 5, the thickness of 
a slab, will give the 
solid contents of the 
slabs, represented by 
3x402.5. 

Let fig. 3 represent 
(he solid, (as in fig. 
9 ) further increased 
by three eqvMl comer 
pieces ; then 3 (the 
number of comer 
pieces) times 40 (the 
length of one cor- 
ner piece) multiplied 
into 5^, the surface 
of an end of a corner 

piece, will give the solid contents of the comer pieces, represeiM 
by3x40.5» 




24000 



Fig. 3 




3x40=130 

X by 5«= ^ 

600 

240^ 

.W 3000 



*;%• 
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5»=5X5X5 
= 135 



EXTRACTION OF THB CUBE ROOT. 

Let fig. 4 represent Fix. 4. • 

Uie solid (as in fig. 3) 
further increased by a 
UUU comer cuhe^ each 
side of -which is 5 
inches; then 5x5x5 
will giv* the solid con- 
tents of this cube, rep- 
resented by 5*. 

Then the whole cube 
thus increased will be 
represented by 45^ --=403+3 x 402.5+3 x 40.52 4. 53 

^^64000+24000+3000+125=91125. 

135* We will now endeavor to deduce a rule for the extracdcn 
ofthe Cube Root. p 

Let it be required to find the cube root of 382657176. 

For the sake of simplicity, we will suppose 382657176 to denc'^A 
the number of cubic feet in a geometrical cube ; we are required to 
find the number of linear feet in a side of this cube, that is, the 
length of one of its sides. 

We will first inquire how many figured the root will have. 

The smallest number, consisting of two figures, which is 10, Tte- 
comes, when cubed, 1000, having more than three figures. Again, 
the lai^st number, 99, which consists of two figures, becomes, 
when cubed, 970299, which consists of six figures. Hence, when 
a number consists of more than three figures,, and not of more than 
six, its cube root will consist of two figures. By a similar method 
it may be shown, that when a number consists of more than six, 
and of not more than nine figures, its cube root will consist of three 
figures. Therefore, if we separate a number into groups -of three 
figures each, the number of groups will denote the number of 
figures in the cube root of that number. 

In the present example, we know that there must be three figures 
In the root • 

We know that the side ofthe cube sought must exceed 700Kii«fl' 
feet, since the cube of 700 is 343000000, which is less than 382657176, 
we also know that the side of this cube must be less than 800 lineair 
feet, since the cube of 800 is 512000000, which is greater than 
382657176. fience the first figure of our root, or the figure in the 
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hundred's place is 7 ; whose cnbe, 343, is the greatest cube < 

tained in 382, ihe first, or left-hand 

period. If we suppose each side 

cf the cube, represented by figure 1, 

to be 700 liiiear feet, one of the 

equal faces, as the upper face* 

DEFG, will be denoted by 700 X 

WO =490000 square feet. The solid 

COD tents of the cube will be repre- 

•ented by TOO' x 700=490000x700 

=343000000 ciiAic feet Subtracting - 

343000000 cuhio feet from 382657176 

cubic feet, we find 39657176 cubic feet for a remainder. 

Hence it is necessary to increase the cube, figure 1, by 39657171 
athicieei. We have seen (Art. 134) that^ch increase is effected 
by the addition of three equal sIMs^ three equal comer pieces, and aa 
additional cube ; and that the contents of the three slabs will make 
by far the largest portion of the whole increase. 




rig. 2. 



The number of square feet in the 
face of one of these slabs will be 
the same as the number of square 
felt in the face of the cube, figure 
1, which has already been shown 
to ^be 490000 sqicare feet. The 
sarface of the three slabs will be 
three times 490000 square feet ; or, 
which would be the same thing, 
twice 490000 square feet, added to 
«KX)00 5^are feel.* If to AB, (fig. 
I,) which is 700 Wn^^ar feet, we add BC, which is also 700 linear te^ 
we shall have AB + BC equal to 1400 linear feet, which, multiplied by J 
DB, equal to 700 linear^eet, will give 980000 squart^ feet, for the ami 
ABDG+BCED,which, added to DEFG, which is 490000 55iki'cfeetJ 




* It will be noticed that the peculiar »tep» throughout this demonstration, 
■eference to the mode of eztmoting the Cube Root which, follows. Tne object a 
these processes is, to make use of what has been obtained in one stage of the 
for the stage next succeeding ; to obtain a new quantity by adding t» one abead 
in hand, instead of muitiplging an original quantity ; thereby saying 
and labor. 
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vill give 1470000 sqaare feet, for Uie area of three faces of the cabe, 
figure 1, which is the same as the area of the three slabs. Were we 
to multiply 1470(XX) by the thickness of the slabs, we should obtain the 
cubic feet in these slabs. And since the cont^Dts of the slabs make 
B^ly the whole amount aidded, it follows that 1470000 multiplied 
by the thickness ot slabs, will give nearly 3905717G cubic feet. Con- 
leqaenly, if we divide 39657176 by 1470000, the quotient will give 
the approximate thickness of the siahs. Using 1470000 as a Uridk 
divisor, we find it to be contained between 20 and 30 times in 
39657176 ; hence the second or tens* figu;e of the root is 2. 

We have already remarked that 1470000 multiplied by 20, the 
thickness of the sUibs^ will give their solid contents. But besides 
the Uais there must be added three comer pieces, each of which 
^ is 700 feet long, and of the same thickness as the slabs^ that is^ 20 
ftet. Since each comer piece is the same length as a side of the 
cube, figure 1, it follows that adding 700 to 1400 or 700+700, tbi 
sum 2100 will represent the total length of the three comer pieces. 
Were we to multiply 2100 by 20, we should obLain the area i 
three comer pieces, wJiich might 
be added to 1470000, the area of 
the three slabs. But, since there Is 
also to be added a liiUe cube^ each 
of whose sides is 20 linear feet, 
^ will add 20 to 2100, and thus 
obtain 2120 for the total length of 
the three corner pieces, and of a 
side of the little cube. Now, 
multiplying 2120 by 20, we ob- 
tam 42400 square feet for the sur- 
fiice of the three comer pieces 

and a face of the little cube ; which, added to 1470000, the number 
of square feet in the faces of the three slabs, will give 1512400 squan 
feet in all the additions. If we multiply 1512400 by 20, the thick- 
ness of these additions, we shall obtain 30248000 cubic feet for all 
the additions, which, subtracted from 39657176, leaves 9409176 cuiu 
^t The cube thus completed is 720 feet on a side, and is repie> 
ratted by figure 4. 
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'Figaraa. 









r 



Fig. 4. 




The surfaces now obtained may be represented (figure a,) by tk 
parts included within the heavy lines. The three divisions of th« 
figure, including the dotted lines, may be supposed to be three eniwi 
faces of the cube, figure 4. 

But this cube is to be further 
increased by 9409176 citbic feet. 
And as before, the parts added 
will consist of three equal slaAs, 
three equal corner pieces^ and a 
JAUle c^e. The trial divisor, 
which is the area of the faces of 
the t!ftee slabs, is the same as 
ihi^ times the area ona face of 
^e cube^ figure 4, each of whose 
aides is T2() feet. 

Now lo obtain this area, we 
have only to add to the surfaces already obtained, and represented 
wltJiiii the heavy lines, (figure a,) three rectangles, each 700 feet 
by 20, and two little squares 20 feet by 20 feet. 

If to 2130, a number which we already have, we add 20, we 
shall obtain 2140, the linear extent of the rectangles and squares 
desired, as in the dotted portions, (figure a.) And as these dotted 
IpoTtioQs have all the same width of 20 feet, if we 'multiply 2140 
by 20, we shall obtain 42800 square feet for the area of the dotted 
portion ^ (figure a,) which, added to 1512400, the area of the parti 
included wUhin the heavy lines, will give 1555200 sg^ast feci 
for the uvea of three slabs, each equal to one face of the cube, 
(figure 4.) This will be a second trial divisor. We find this divisor 
contained between 6 and 7 times in 9409176; hence our third figure 
o(f the rootj or the figure in the units' place, is 6. Were we to mul- 
JMf 1555300 by 6, it would give tie cubic feet in the second spt ft 
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Uak, But before multiplying, we will increase that sum by fhe 
SQiface of the second set of comer pieces^ and of the second UtUe cubi. 
The length of each comer piece is the same as a side of the cube, 
figmre 4, which is 720 feet, hence, adding 20 to 2140 already found, 
we obtain 2160, which, being 3 times 720, will be the linescf extent 
of the three comer pieces. Were we to multiply 2160 by 6, we 
ikonld find the surface of these three comer pieces, but as we wish 
tiso thearea of one of the faces of the second UtUe cube, we add 6 
to 2160, and thus obtain 2166, which, multiplied by 6, will give 
13996 for surface of second set of comer pieces and of second liMe 
cube; this added to 1555200, gires 1568196 for the surface of the 
whole second series of additions. Multiplying 1566196 by 6, we 
obtain 9409176 cvMc feet, which have thus been added to the cube 
represented by figure 4 ; hence the cube whose side is 726 feet is the 
one sought. The above work may be arranged as follows : 

. mnCBBR. ROOT. 

CuMe fett. lAnear feeL 

382657176(700+20+6=728 
343000000 

39657176 
30248000 

9409176 

9409176 



IfTfXMUnCH. 
TMMtfeeL 

700 
1400 


. Sd columk. 

Sfwirefeet. 

490000 

I470000=lst tr. divisor, 


SlOO 
SI20 


1512400 

1555200=2d tr. divisor, 


2140 
216a 


1568196 



If we omi. th^iphers on the right, and omit unnecessary temu^ 
ike work wilv take the following condensed form : 



liT COLUXN. 

Lm$arfut. 

7 

14 


3d coLuxn 
S^arefttt. 
49 
147=lst trial divisor. 


mJMBER. ROOT. 

Cubic feet. Linear fm. 

382657176(726. 
346 


212 
214 


15124 

15552=2d trial divisoi 

1568196 


39657 
>, 30248 


2166 


9409176 
9409176 




26 
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No7E.— In the extraction of the cube root, as jtist i lastrated, ii 
will be noticed that each divisor is a geometrical surface; that is 
to say. the product of two dimensions, width and breadth, fcnr ex- 
ample ; and of coarse the quotient most be the other dlmfdttion, 
that is, the thickness. 

But it is important to remember that it is only squares and cuiba, 
square roots and cube Toots, that can have any relaUon to gmmt' 
rical dimensions ; any higher power of a number as 4% or any other 
root as ^, cannot be illustrated by blocks. The principle^ therefoie, 
of iiwokUion and evohUian is, strictly speaking, independent of sur- 
faces and solids ; it is purely aritkmeUcal, 

From the forgoing demonstration we may deduce the foDowisg 



RULE. 

/. Separate the number whose rcjot is to be found^ into 
periods of three figures eaeh^ counting from the unit^ fha 
towards the left. When the number of figures is not divisible 
by 3, the left-hand period will contain less than 3 figures. 

II. Seek the greatest figure whose cube shall not exeed 
the first or left-hand period ; write it after the manner tfe 
quotient in division for the first figure of the root. Phut 
this figure for the head of a first left-hand column, and its 
square for the head of a second left-hand column, and sidh 
tract its cube from the first period. To the remainder bring 
down a second period for the first dividend. Add the 
figure in the root to the term of the 1st column already 
found, for its next term, which multiply by the samefigwre^ 
and add the product to the term already found in the 2b 
eoLm/ai,for its next term, which wiU be a trial divisoii. 

///. Find how many times the trial divisor, with twe 
ciphers annexed j is contained in the dividend ; write the f» 
tient for the next figure of the foot. Annex tMsfigm U 
the last term of the 1st column, after having added to tkm 
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term the preceding quotient figure ; ^ this will give the next 
term of the 1 st column. Multiply this term by the last 
found figure in the root^ and add the product ^ after advancing 
it two places to the right, to the last term of the 2d column, 
for its next ^ term. Multiply this term- by the last found 
figure of the root, and subtract the product from the dividend, 
»nd to the remainder bring down the next period for a new 

DIVrDfiND. 

Proceed as befqre until all the periods have been brought 



Note 1. — ^When any dividend is not so great as the corresponding 
trial divisor with two ciphers annexed, write for the next figure 
of the root, and to the dividend bring down the next period. Use 
the same trial divisor as before,"but with/wr ciphers annexed. 

Note 3. — The trial divisor, being less than the true divisor, will 
sometimes give too large a quotient figure j when the multiplica- 
tion of the true divisojr by this figure shows such to be the case, this 
figure must be made smaller. 

Note 3. — By the above rule, which is different from the rule 
usually given by the aid of geometrical diagrams, we have managed 
to keep distinct all the geometrical magnitudes; thus our first 
column represents the numerical values of lines, the second colunm 
represents the numerical values of surfaces, and the third column 
corresponds to soJids. And, as we are never required to multiply 
by any number greater than is expressed by a single digit, the labor 
of multiplying and adding results to the terms of the successive 
columns is far simpler than at first might be supposed. 

By means of these auxiliary columns the work bears a close 
tnalogy to Homer's method of solving numerical cubic equations, 
(See Treatise on Algebra.) The use of auxiliary columns be- 
comes very apparent in the extraction of roots of the higher orde** 
u ths fifth root, the seventh root, &c. * 
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•EXAJOTLES. 

What is the cube root of 913517247483640899^ 

OPERATION. 

NUMBKK. B«ct. 

913'517'247'483'640'899(970299 
729 



UrrCoLVMH. 


Sd Colqm n. 


9 


81 


18 


243 


277 


26239 


284 ' 


28227 


29102 


282328204 


29104 


282386412 


291069 


28241260821 


291078 


28243880523 


2910879 


28244142502] 



184517 
183673 


844247483 
564656408 


^79591075640' 
254171347389 


25419728251899 
11 25419728251899 





2. What is the cube root of 10077696 ? Ans. 216. 

3. V/hat is the cube root of 2357947691 ? 

Ans. 1331. 

4. What is the cube root of 42875 ? Ans. 35. 

5. What is the cube root of 1 17649 ? Ans. 49. 

6. What is the cube root of 7256313856? Ans. 193a 

CASE n. 

To extract the cube root of a decimal fractiof) or of • 
number consisting partly of a whole number and partly 
of a decimal, we have this 

RULE. , 

/. Annex ciphers to the decimals, if necessary, so M 
^.h£y may be separated into equal periods. 
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//. Separate the decimals into periods of ^ figures eich^ 
counting from the decimal point toward the right, and proceed 
as in whole numbers. 

Note. — If the given number has not an exact root, there will be • 
Wnainder after all the periods have been brought dowr* The pro- 
cess may be continued by annexing ciphers for new peiiods. 



BXAMFL^. 

1. What is the cube root of 0-469640998917? 

Ans. 7773. 

2. What is the cube root of 18-609625? Ans. 265. 

3. What is the cube root of 1-25992105? 

Ans. 1 08005. 

4. What is the cube root of 2? Ans. 1*2599. 

5. What is the cube ro<5i of 9 ? Ans. 208008. 

6. What is the cube root of 3 ? Ans. 1-4422. 

CASE m. 

To extract the cube root of a vulgar fraction, or mixed 
number, we ha-^e this 

RULE. 

/. Reduce the fraction or mixed number j to its simplest 
fractional form. 

11, Extract the cube root of the numerator and denominO' 

tor separately^ if they have exact roots, but when they have 

not, reduce the fraction to a decimal, atid then extract the 

root by Case II, _^- 

2o' 
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EXAMPLES. 



1. What is the cube root of fHl^ -Arts +f. 

2. What is the cube root of -ftWW^ ^ns. |f. 

3. What is the cube root of 17i? Ans. 2577, nearlj. 

4. What is the cube root of 5-f ? Ans. 1-726, nearly. 

5. What is the cube root of -H ? Ans, 0-9353, nearly. 

6. What is the cube root of f? Ans. 0-8736, nearly. 



EXAMPLES INVOLVING THE PRINCIPLES OP THE CUBE RCOt 

136. It is an established theorem of geometry, that flfl 
Similar solids are to each other as the cubes of their hk 
dimensions, 

1. If a cannon-ball, 3 inches in diameter, weigh. 8 
pounds, what will a ball of the same metal weigh, whose 
diameter is 4 inches 1 

By the above theorem, we have 

3^:4*^ -.vt 8 pounds : 18f^ pounds, 
for the answer. 

2. The celebrated Stockton gun, which, in bursting, 
proved so fatb.1 to many of our distinguished citizens, is 
said to have carried a ball 12 inches in diameter, which 
weighed 238 pounds. What ought to be the diameter d 
another ball of the same metal, which should weigh 32 
pounds ? 

^X 12'=232-336 inches nearly=cube of the diameW 
of the ball sought. 
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Hence, i?^232-336=6147^ inches nearly, the diametei 
of the ba.l required. 

3. A cooper having a cask 40 inches long and 32 inches 
at the bung diameter, wishes to make another cask of the 
tame shape, which shall contain just twice as much. 
What will be the dimensions of the new cask ? 

( 40^2=50-3968 inches, nearly, for length. 
* ( 32'^2=40-3175 inches, nearly, for diameter. 

4 What is the side of a cube, which will contain as 
much as a chest & feet 3 inches long, 3 feet wide, and 2 
feet 7 inches deep 1 Ans. 47984 inches, nearly. 

5. How many cubic quarter inches ca,n be made out of 
a cubic inch ? Ans. 64. 

6. Required the dimensions of a rectangular box, which 
shall contain 20000 solid inches, the length, breadth, and 
depth being to each other, as 4, 3, and 2. 

soLtrnoN. 

■*^4^^X"}-xixi=-"jP, whose cube root is 5i?^= 

9-4103, nearly. 

r9-4103x 4=37-6412, length, 

AnsA 9-4103 X 3=28-2309, breadth. 

[9-4103 X 2= 18-8206, depth. 

Or, as follows : 

If we were to augment the width of this b#x, so as to 
make it as wide as it is long, its volume would become 
iof 20000 =26666|. Again, if we Augment the depth 
of this new box, so that it may be as deep as it is wide, 
and as it is long, its volimie will become 2 times 26666| 
=53333-1, which is the content3 of a cubical box, whose 
side is equal to the length of the original box. Hence, 
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*'5S333i=37 64l, nearly, for the length. The '^ridth ii 
f of this length, and the depth is i this length. 

Note. — For a more complete treatise on the square and csbi 
root as well as the roots of all p^jwers, see Higher Arithmetic. 



ABITHMETICAI PROGRESSION, 

137. A SERIES of numbers, which succeed each other 
regulcrly, by a common difference, is said to be in arith' 
metical progression. 

When the terms are constantly increasing, the series is 
an arithmetical progression ascending, ^ 

When the terms are constantly decreasing, the series 
• is an arithmetical progression descending. 

Thus, 1,3, 5, 7, 9, &c., is an ascending arithmetical 
progression ; and 10, 8, 6, 4, 2, is a descending arithmrt- 
ical progression. 

The terms of an arithmetical progression may be fifao« 
tiona). Thus, in the progressions, 

i, 1, li, 2, 2i, 3, 3i, 4, 4i, &c.; 
i, i, 1, H, 11, 2, 2i, 2f, 3, &c. 

The first has a common difference of \ ; the second hai 
a common difference of \. 

In arithmetical pjogression, there are five things to bi 
considered : 

1. The first term, , 

2. The last term. 
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S The comn*on difference, ^ 

i. The number of terms. 
5. The sttm of all the terms. 

These quantities are so related to each ether, that any 
/hree of them being given, the remaining two can be 
found. 

We will demonstrate one or two of the most important 
eases. 



Wben BTO nnmben in arithraetieiil pro g rewion 1 ' When ii th« progfreuion i 
tagi When b it detcending 1 Are the numben 1, 3, 5, 7, 9, &.c., in ascendinf or 
deioeiidlng arithmetical progieation 1 Mention the five qunntitiet to be considered im 
irithmetical progretyion. How many of these must be given in order to be able t« 
fiodthtocheisl . * 



CASE I. 

By our definition of an ascending, arithmetical progres- 
sion, it follows that the second term is equal to the first, 
increased by the common difference ; the third is equal to 
the first, increased by twice the common difference ; the 
fourth is equal- to the first, increased by three times the 
common difference ; and so on, for the succeeding term. 

Hence, when we have given the first term, the common 
di£ference^ and the number of terms, to find the last term, 
we have this 

RULE. 

Tj the first term add the product of the common differ ene$ 
into the number of terms^ less one 
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EXAMPLES. 

1. Whatris the 100th tenn of an arithmetical prognes* 
sion, whose first term is 2, and common diflferenco 3 ? 

In this example, the number of terms, less one, is 99, 
which, multiplied by the common difference, 3, gives 297, 
which, added to the first term, 2, makes 299 for the 100th 
term. 

2. What is the 60th term of the arithmetical frogres- 
sion, whose first term is 1, the common difference i? 

Ans. 251. 

3. A man bu^'S 10 sheep, giving $1 for the first, $3 for 
the secoifd, $5 for the third, and soon, increasing in aiith- 
metical progression. What did the last sheep cost at that 
rate? An^. $19. 

4. The first tenn of an arithmetical progression is f the 
common difference i, and the niimber of terms 26. What 
is the last tertn ? Ans, 3}. 



From the nature of an arithmetical progression, we see 
that ,the second term' added to the next to the last tenn is 
equal to the first added to the last ; since the second term 
is as much greater than the first, as the next to the last is 
less than the last. After the same method of reasoning, 
we infer that the sum of any two terms equidistant ftom 
the extremes, is equal to the sum of the extremes. 

Hence, it follows that the terms will average just hali 
the sum of 'the extremes. 

Therefore, when we have given the first term, the last 
term, and the numb© • of terms, to find the sum of all thi 
terms, we have this z 
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RULE. 

^ Multiply half the sum of the extremes hy the number ef 
teriHs 

JBXAHFIJ«. 

1. The first term of an arithmetical progression it 2, 
the last term is 50, and the number of terms is 17. What 
is the sum of all the terms ? 

In this example, half the smn of the extremes is 

iof(2+60)=26. 

This, multiplied hy the number of terms, gives 26 x iTrs 
442, for the sum required. * 

2. The,first term of an arithmetical progression is 13, 
the last term is 1003, the number of terms is 100. ' What 
is the sum of the progression ? Ans. 50800. 

3. A person travels 25 days, going 1 1 miles the first 
da J, 135 the last daj; the miles which he traveled in the 
successive days, form an arithmetical progression. How 
far did he go in the 25 days ? Ans. 1825 miles. 

4. Bought 7 books, the prices of which, are in arithmet- 
ical progression. The price of the first was 8 shillings, 
and the price of the last was 28 shillings. What did they 
all come to 7 Ans. £6 6s. 

5. What is the sum of 1000 terms of an arithmetical 
pngreesion, whose first term is 7 and last term 1113? 

Ans. 560000, 

6. The first term of an arithmetical progression is f, 
and the last term 365f , and the number of terms 799. 
What is the sum of all the terms? Ans. 146217. 
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GEOMETRICAL PROGRESSION 

138* A SERIES of numbers which succeed each othet 
regularly, by a constant multiplier, is called a geometrkd 
progression. 

This constant factor, by which the successive tenni 
are multiplied, is called the ratio. 

When the ratio is greater than a unit, the series is 
called an ascending geometfical progression. 

When the ratio is less than a unit, the series is called 
a descending geometrical progression, • 

Thus, 1, 3, 9, 27, 81, &c., is an ascending geometrical 
progression, whose ratio is 3. 

And, 1 -}, tV, ^, &c., is a descending geometrical pro- 
gression, whose ratio is \. 

In geometrical progression, as in arithmetical prog^res 
gion, there are five things to be considered. 

1. The first term. 

2. The last term. 

3. The common ratio. 

4. The number of terms. 

6. The sum of all the terms. 

These quantities are so related to each other, that any 
three being given, the remaining two can be found 

The solution of some of these cases requires a knowledge 
of higher principles of mathematics than can be detailcc" 
by arithmetic alone. 

We will give a demonstration of the rules of one or twt 
of the most important cases. 
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\VliM aniiimben in fMnnttrieftl pngiMiion 1 What it the oomtent faeCor, Vy 
■tieh the •uece«ive tenni an multiplied, caHed 1 When this ratio exceeds a vait, 
the progression is called what 1 When this ratio is less than a unit, how is die pt9> 
gnsuen called f Give an example of an aseendinf geometrical progression 1 Gif« 
taanunple of a deseendinf geometrical progression. How many quantities are t» be 
aonsidered in geometrical progression! Mention these quantities. How maty of 
iM* must be known to enable iu to find the others I 



CASE L 

By the definition of a geometrical progression, it follows 
that the second term is equal to the first term, multiplied 
by the ratio ; Uie third term is equal to the first term, mul- 
tiplied by the second power of thogfatio ; the fourth term 
is equal to the first term, x^ultiphe^by the third power of 
the ratio -, and so on, for the succeeding terms. 

Hence, when we have given the first term, the ratio, 
and the number of terms, to find the last term, we have 
this 



RULE. 

Multiply the first term by the potoerofthe ratioj whose «r- 
ponent is one less than the number of terms. 

EXAMPLES. 

1. The first term of a geometrical progression Is 1, the 
ratio is 2, and the number of terms is 7. What is the last 
term? 

In this example, the power of the ratio, whose exponent 
if one less than the nxunber of terms, is 2^=64, which, 
multiplied by the first term, 1, still remains 64, for the last 
term. 

2. The first term of a geometrical progression is 5, the 
ratio is 4, and the number of terms 9. What is the laM 
lerm? 21 Aiw. 327680. 
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3. A person traveling, goes 5 miles the first day, 10 
miles tne second day, 20 miles the third day, and so on, 
incisasing in geometrical progression. If he continue to 
travel in this way for 7 days, how far will he go the last 
day» ^n*. 320 miles. 

CASE IL 

Let it be required to find the sum of all the terms of 
the geometrical progression 2, 6, 18, 64, 162, 486. 

If we multiply each term by 3, which is the ratio, we 
shall obtain this second progression, 6, 18, 54, 162, 486, 
1458, the sum of wjtt)se terms is obviously 3 times as 
great as the sum of^he terms of the first progression. 
Consequently, the' difference between the sums of the 
terms of these two progressions is (3--l)=2 times the 
sum of all the terms of the first progression. If we (MBit 
the first term of the first progression, it will agree with 
the second progression, after omitting its last tenn. 
Hence, the difference between the sums of the terms of 
these twi) progressions may be found by subtracting 2, 
the first term of the first progression, from 1458, the last 1 
term of the second progression ,* but 1458 was obtained i 
by multiplying 486, the last term of the first progressioiv] 
, by 3, the ratio. 

Hence, we finally obtain this condition : 

Tliat the sum of all the terms of a geometrical progr99^ 
siohj repeated as many times as there are units in the : 
less one, is equal to the last term multiplied by the ratuf, < 
diminished by the first term. 

Therefore, when we have given the first term of a j 
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metrical progressioD, the last lenn, and the rano, to find 
the sum of all the terms, we have this 



RULE. 

Subtract the first term from the product of the kut tetm 
into the ratio ; divide the remainder hy the ratio, less one, 

EXAMPLES. 

1. The first term of a geometrical progression is 4, the 
iast term is 78732, and the ratio is 3. What is the sum 
di all the terms 7 

In this example, the first term subtracted from the 
product of the last term into the ratio, is 236192, which, 
divided by the ratio, less one, gives 118096, for the sum 
of all the terms. 

2. The first term of a geometrical progression is 5, the 
last term is 327680, and the mtio is 4. What is the smn 
of all the terms 1 Ans, 430905. 

3. A person sowed a peck of wheat, and used the whole 
crop for seed the following year; the produce of this 
second year again for seed the third year, and so on. If 
in the last year, his crop is 1048576 pecks, how many 
pecks did he raise in all, allowing the increase to have 
been in a fourfold ratio? Ans. 1398101 pecks. 

130. When the ratio of a geometrical progression it 
less than a tmit, the first term will be the largest, and the 
last term the least ; the progression will, in this case, be 
descending ;" but if we consider the series of terms in a 
reverse order, that is, calling the last term the first, and 
the first the last, the progression may then be considered 
as ascending. 

If a decreasing geometrical progression be Cj^tinued to 
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an infinite number of tenns, we may neglect the last tenn 
as of no appreciable value; we can find its sum by 
Case II., when it is modified, as follows : 

Given the first term of a descending geometrical pro- 
gression, and the ratio, to find the sum of all the tenu, 
when continued to infinity. 

RULE. 
Divide the first term by a unit diminished hy the rati§, 

I 

EXAMPLE. 

1. What is the sum of all the terms of the infinite senei 
l,i,i,i,&c.» 

In this example, a unit, diminished by the ratio, ii 
1-— J=-J, and ihe first term, 1, divided by i-, g^ves 2, for 
the sum of all the terms. 

2. What is the sum of the infinite series 1, i, i,iV, 
&c. ? - Ans. li 

3. What is the sum of the infinite series ^^, xizi rfm 

4. What is the sum of tne infinite series /^ , yf 7, ^^ 



ALLIGATION. 



140. Alligation is generally treated unJer two difr 
tinct heads, called Allegation Medial and Allegation AUeh 
note. The latter, however, belongs properly to the prov- 
ince of Algebra 
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ALLIGATION MEDIAL. 

141. Alligation Medul teaches the method cf 
finding the mean value of a compound, when its several 
mgredients and their respective values are given. 

What ii AUigation M«dial1 

Suppose a grocer mixes 140 pounds of tea, whifch is 
worth 8^. per pound ; 200 pounds, worth 6^. per poimd ; 
and 160 pounds, worth 10^. per pound. What is a pound 
of the mixture worth 1 

140 pounds of tea, at 8^. per pound, is worth 140 x8= 
1120j. ; 200 pounds, at 6^., is worth 200 x 6= 1200^. ; 160 
pounds, at 10^., is worth 160x 10=1600^. Therefore, 
the mixture, which is 500 pounds, is worth 1 120+ 1200+ 
1600 =3920 J. Hence, one pound of the mixture must be 
worth ^W=7|}^. 

Hence, to find the mean value of a compound, composed 
of several ingredients of different values, we have this 

^ RULE. 

Divide the sum of the values of all the ingredients hy the 
sum of the ingredients, 

Kape^ thii Roto. 

EXAMPLES 

I. A wine-merchant mixed several sorts of wine, nz * 
32 gallons, at 40 cents ^r gallon ; 15 gallons, at 60 cents 
per gallon ; 45 gallons, at 48 cents per gallon ; and 8 
gallons, at 85 cents per gallon. What is the vaiue of a 
gallon of the mixture ? ^y* 
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32 gallons, at 40 cents=$12-80 

15 « 60 «* = 9*00 

45 « 48 « = 21-60 

8 « 85 <^ = 6-80 

100 gallons of mixture =$5020. 

Therefore, one gallon of the mixture is worth $50'20*f 
100 =$0-502 =50 cents and 2 mills. 

2. A farmer mixed together 7 bushels of rye, worth 73 
cents per bushel; 15 bushels of com, worth 60 cents pel 
bushel ; and 12 bushels of wheat j worth $1-20 per bushel 
What is the value of a bushel of the mixture ? 

Ans. $0-83|j. 

3. A goldsmith melts together 1 1 ounces of gold 23 
carats fine, 8 ounces 21 carats fine, 10 ounces of pure 
gold, and 2 pounds of alloy. How many carats fine is the 
mixture? Ans. 12H. 

It will be understood that a carat is a 24th part. Thus, 
21 carats fine is the same as -fj- pure metal ; in the same 
way, 23 carats fine is ^ pure metal. 

4. On a certain day, the mercury in the thermomrter 
was observed to stand 2 hours at 62 degrees, 4 hours al 
70 degrees, 5 hours at 72 degrees, 3 hours at 59 degrees, 
and 1 hour at 75 degrees. What was the mean tempera- 
ture for the fifteen hours ? ' Ans* 67^ degrees. 

5. Suppose a ship sail at the rate of 5 knots for 3 
hours, 'at 7 knots for 5 hours, and 8 knots for 4 houn 
What is her rate of sailing dining the 12 hours ? 

Ans. 6f knots. 

6. A grocer mixes 30 pounds «f sugar worth 10 cent! 
per pound; 40 pounds worth 10+ cents per pound; 24 
poimds worth 1 1 cents per pound ; and 60 pounds worth 13 
cents per pound. What is a poimd of the mixture wortht 

Ans. 1 1-ft- cents. 
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AllIGATION ALTERNATE. 

149« AiiLiGATioN Alternate is the reverse of A 3i£> 
tion Medial ; that is, it teaches the method of findicg the 
ingredients when their rates are given, so that the 'torn- 
pound shall have a given value. 

What it AUigalioD Attemle 1 

Suppose we wish to mix teas, which are worth 4 and 6 
shillings per pound, so that the mixture may be worth 5 
shillings per pound : it is obvious that we must take equal 
quantities of each ; since the price of the one is as much 
less than the mean price, as the other is greater. 

Again, suppose we wish to mix teas, which are worth 4 
and 7 shillings per pound, so that the mixture may be 
worth 5 shillings. In this case the 7 shilling tea is 2 
shillings above the average price, whilst the 4 shilling tea 
is but 1 shilling below : it will be necessary to use twice 
as much of the 4 shilling tea as of the 7 shilling tea ; and 
in all cases it is obvious that the quantities to be used will 
be in the inverse ratio to tb« differences between their 
prices and the mean price. 

When there are more than two simples they may be 
compared together in couplets, one teim of which must 
obviously exceed the average price, while the other muit 
be less. 

CASS L 

The rates of the several ingredients being given, to 
make a compound of a fixed rate. 
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From what has been said above, we draw Ihe iti^ 
lowing 

RULE. 

/. Write the rates of the simple j in a column under each 
other, then connect each rate of the ingredients which is kss 
than the rate of the compound^ with one «. r more rates greater 
than the rate of the compound ; connect in the same toay, 
VBtch rate which is greater than the rate of4he compowd^ 
with one or more rates which are less, 

IL Write the difference between each rate of the ingre» 
dients and the compound ratCy opposite the rate of the ingre- 
dients with which it is connected. If only one difference 
stands against any rate, it will be the required quantiii/ of 
the ingredient of that rate ; but if there be several^ their sm 
will be the quantity required. 

Repeat this Rola. 

EXAMPLES. 

i. How much sugar at 6, 6, and 10 cents per pound, 
must be mixed together, so that a pound of the mixtun 
may be wort a 8 cents ? 

SOLimON. I 

2 I 

2 
3+2=5 

Therefore, if we take 2 poimds at 5 cents, 2 pounds at 
6 cents, and 6 pounds ^at 10 cents, we shall satisfy the 
conditions of the question. It is obvious, that any other I 
number of poimds which are to each other as the numbeo 
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2, 2, and 5, will satisfy the question equally well ; so that 
in Alligation Alternate the number of sohitioniiy are m* 
definite ; all that we can do is to find the ratios of the quan- 
tities required. 

Note. — In many cases the ingredients will admit of being con- 
nected in several ways, and then we shall obtain as many sets of 
ratios as^ there are methods of connecting them. 

2. How many pounds of raisins at 4, 6, 8, and 10 cents 
per pound, must be mixed, so that a pound of the com- 
pound may be worth 7 cents % 

In this question, the terms may be connected in seven 
distinct ways; therefore, we shall obtain seven sets of 
ratios, as follows : 





r 4-^1+3=4 

60Al+3=4 

8>0y3-hl = 4 

10^^3+1=4 



3. How much wine, at 72 cents per gallon, and 48 cent* 
per gallon, must be mixed together, that the composition 
may be vforth 60 cents per gallon % 

Ans» An equal quantity of each. 

4. Ho w many gallons of wine and water must be mixed 
wgether, so that the mixture may be worth 60 cents per 
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gallon, the water bring considexed of no vahJb, and th« 
wine with which it i^ mixed being worth 90 cents per 
gallon? Ans, 2 gallons of wine to 1 of water. 

5. Having gold of 12, 16, 17, and 22 carats fine, what 
proportion of each kind must I take, to make a compound 
of 18 carats fine? Ans. 4, 4, 4, 9. 

6. It is required to mix different soi:ts of grain, at 56, 
62, and 75 cents per bushel, so that the mixture may be 
worth 60 cents per bushel. How much of each kind must 
be taken ? Ans, 17, 4, 4. 

Besides the variety of answers which may be obtained 
by connecting the simples differently, an infinite number 
of solutions may be found, by combining the different 
ratios, as we will illustrate by thd aid of the following 
question : 

7. How much tea at 5 shillings, 6 shillings and 8 shil' 
lings per pound, must be mixed so that the mixture may 
be worth 7 shillings per pound % 

If we compound only the 5 and 8 shilling teas, we 
must take them in the ratio of 1 to 2, since 7 shillings is 1 
shilling less than 8 shillings, and 2 shillings greater than 
5 shillings. Hence, any one of the compounds in the foi' 
lowing group (A,) will be worth 7 shillings per pound. 

(1) (2) (3) (4) (5) (6) 

5 shilling tea 1 2 3 4 5 6, &c. 

8 shUling tea 2 4 6 8 10 12, &c. 

Sums, 3; 6; 9; 12; 15; 18;'&cJ 

If we now mix the 6 and 8 shilling teas, we see that it 
will be necessary to take equal quantities of each, since 
the average price is to be as much above 6 shillings as it 
is below 8 shillings. Hence, the following compound will 
also be worth 7 shillings per pound : 
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(1) (2) (3) (4) (5) (6) 1 
6 shilling tea 1 2 3 4 5 ^ ^' l^R\ 
8 shilling tea 1 2 3 4 5 6 &c. | ^ 

Sumfi,2; 4; 6; 8; 10; 12;&c.. 
Now, it is obvious, we may combire any one of these 
last results with any one of the former results. Thus, ii 
we combine (1) of group (A) with (1) of (B) we have 

Pounds. 

5 shilling tea . . .1 

6 « «... 1 
8 « « 2+1=3 

If we combine (1) of (A,) with (2) of (B,) we hare 

Pifunds, 

5 shilling tea ... 1 

6 « «... 2 
8 « « 2+2=4 

Combmmg (2) of (A,) with (3) of (B,) we have, 

Pounds, 

5 shilling tea . . .2 

6 « «... 3 
8 « « 4+3=7 

Combining (5) of (A,) with (4) of (B,) we have, 

Pounds, 

5 shilling tea . . .5 

6 « «... 4 
8 « <« 1§+4=14 

The number of combinations which could be made in 
this way is unlimited ; hence, the above class of question! 
in Alligation admit of an infinite number of answers. 

CASE n. 

When one of the ingredients is limited to a certain 
^uantiy. • Digitized by Google 
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1. A person wishes to mix 10 bushels of wheat, worth 
$1 per bushel, with rye, worth 70 cents per bushel, and 
oats worth 30 cents per bushel, so that the mixture maj 
be worth 60 cents per bushel. How many bushels of rye 
and oats must he use ? . 

Proceeding, according to Caso I., we find the pioptf- 
*ionate nimibers to be 30, 30, and 50. Hence, 
30 : 30 : : 10 : 10 
30 : 50 : : 10 : l&f. 
So that he must make use of 10 bushels of rye, and 16} 
bushels of oats. Hence, this 

RULE. 

Tind the proportionate quantities of each ingredient, h/ 
Case /., in the same manner as though there was no limita- 
tion ; then, as the difference against the simple whose qrmr 
tity is given, is to each of the other differences, so is the given 
quantity of that simple to the quantity required of each of 
the other simples. 

Repeat thii Role. 

2. A grocer has 90 pounds of tea, worth 90 cents per 
pound, which he wishes to mix with three other qualities, 
valued at 80 cents, 70 cents, and 60 cents per pounA 
How much must he talce of these three kinds, so as to be 
able to sell the mixture at 85 cents per pound ? 

Ans. IjO pounds of each. 

3. A merchant has 90 pounds of spice worth 86 centi 
per poimd, which he wishes to mix with three other sorti 
which are worth 30, 40, aftd 50 cents per pound, !• 
spectjvely. How many poimds must be used so that thi 
compound may be worth 55 cents per pound 1 

Ans, He must use 62 pounds of eacb. 
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MENSURATION. 

143^ For the reason of many of the mles which 
we shall give for measuring surfaces and solids, we shall 
lefer to the principles of geometry. The reference being 
ID all cases to the " Elements of Geometry.'* 

Problem I. — To find the area of a rectangle. 



m 



Suppose A BCD to 
be a rectangle whose 
length is 5 feet, and 
width 3 feet. 

If we divide this rect- 
angle into portions .of 
one square foot each, by means of lines drawn parallel to 
the sides of the rectangle, we shall obtain 15 such squares ; 
that is, the rectangle will contain 15 square feet. In this 
mmple there are 3 strips of 5 square feet in each, or 5 
strips of 3 square feet each. So that the number of 
square feet is found by multiplying the number of feet in 
length by the number of feet in width. 

Hence, to find the area of a rectangle wo have this 



RlHiE. 



Multiply the length hy the width, and the product will de 
note the number of squares of the same kind as the measure 
used in estimating the sides of the rectangle. If the sides 
pfthe rectangle are measured in feet^ the wroduct will be the 



28 
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tquare feet ; if in inches, then ^the product wiU be sqiim 
inches, (B. IV. Prop, n, Scholium.) 



Note.— When the width of the rectangle 
is the same as its length, it becomes a square, 
in which case we multiply the side of the 
square into itseU: ' 



KTAMPI.Ka 

1. How many square feet in a floor which is 16 feet 
wide and 23^ feet long? And how many yards of ca^ 
peting, one yard wide, will cover the floor ? 

23iX 16=:376=the number of square feet. 

Since in one squar^ yard there are 9 square feet, we find 
376-^9 =4lf=the number of yards of carpeting lequiied. 

2. In a table 5 feet 3 inches long, and 3 feet 2 inches 
wide, how many square inches ? And how msmy squan 
feet 1 A ^ ^^9i sq. inches. 

^^' I 16i sq. feet 

3. In a rectangular field which is 13 rods long, and? 
rods wide, how many square rods 1 And what pait is it 
of an acre? ^^ j 91 sq. rods. 

( -^ of an acre. 

4. How many square inches in a square board 10) 
inches on a side? * Ans, 110^ sq. inches. 

5. Which is the greater, a square board of 9 inches od ' 
a fide, or a rectangular one 12 inches long and 7^ wide! 

r The rectangular piece 

Ans. < contains 9 square inches 

f more than the square oat 
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PaoBLEM II — To find the area of a parallelogranL 

Let A B C D be a 

parallelogram having 
A B for its base and 
DE its altitude. If 
from C we draw C F 
perpendicular to tbe 

base A B, meeting it, produced at the point F, the figure 
E F C D will be a rectangle equivalent to the parallelo- 
gram, since the triangle^ A £ D is obviously vWiual to the 
triangle B F C. The base E F of the rectangle is equal 
to A B, the base of the parallelogram. The area of the . 
rectangle is found (Prof. L) by multiplying the base by 
its altitude, and since the parallelogram is equal to the 
rectangle, and since its base and altitude are respectively 
equal to the base and altitude of the rectangle, it follows 
that the area of the parallelogram may be found by mul- 
tiplying its base by its altitude. 

Hence, to find the area of a parallelogram, we have 
this 

RULE. 

Multiply the base by the altitude. 

Note. — This role includes the rule under the last problem tot 
Inding the area of a rectangle or square. It is not therefore nece»> 
fuy to add any new examples under this problem. 

Pkqblem III. — To find the area of a triangle. 

Let A B Cbe a triangle, having A B for its base and 
C 1) us altitude. By drawing C E parallel to the base 
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A B, and BE parallel 
to the side, A C, we 
shall fonn. a parallelo- 
gram A B E C, evi- 
dently double the tri- 
angle ABC. The area 
of the parallelogram is found (^Prob. II,) by multiplying 
the base A B into the altitude C D. And as the triangle ii 
one half the parallelogram, its area may be found by thii 




RULE. 
Multiply half the hose hy the altitude. 

Note.— Either side of the tri- 
tngie may be regarded as the 
base, and the altitude will be the 
perpendicular drawn from the 
opposite angle to the base, or 
to the base produced. In the 
annexed diagram, the perpen- 
dicular meets the base produced. The above rule applies equally 
well in this case, the area being found by multiplying half the Uff 
A B into C D. 

When the three sides of a triangle are known, the ai» 
may be found by this second 




RULE. 



From the half sum of the three sidesy st^tract se^ 
each side, take the square root of the continued product ff 
ihe three remainders and half sum, and it will give the am 

Note.— For a demonstration of this second rule, see Geometi7i 
B. IL Prop. IX. 
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1. What is the area of a triangle whose base is 12 feeli 
ftnd altitude 3 yards ? 

3 7ards=9feet. Therefore i of 12 x9z=54 square feeli 
or 6 square yards for the area. 

2. What is the area of a triangle whose sides are re- 
ipectivelj 7, 11 and 12 feet? 



SOLUTION. 



iof (7+ll + 12)=15 
15- 7= 8 
15-11= 4 
15—12= 3 



15x8x4x3=1440. 



VT440=12'/10=37-95 nearly. 
Hence the area is 37 95 sq. feet. 

3. What is the area of a triangle whose base is 14 rods^ 
ftnd whose altitude is 12 rods ? Ans. 84 sq. rods. 

4. What is the area of a triangle whose sides are re- 
spectively 13, 14 and 15 yards? Ans, 84 sq. yards. 

5. In a triangular field whose sides are 18, 80 and 82 feet, 
how many square yards ? Ans. 80 sq. yards. 



The area of any figure 
which is limited by any num- 
ber of right lines, as the field 
ABODE F, may be found 
by dividing it into triangles, 
Mid then computing each tri- 
angle separately, and taking 
tiieirsum. 

28' 
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1'robleh IV. — To find the area of a trapezoid. 



Er- 




Let ABCD be a trape- 
aoid having AB and CD 
for the parallel sides, CF 
for its altitude. If we 
draw A C it will divide the 
trapezoid into two triangles ABC, CD A. The arefc, of 
the triangle ABC may be found (Prop. III.) by multi- 
plying half the base AB into the altitude CF; and the 
area of the trian^e CD A is found by multiplying half 
the base CD into the altitude AE, or into its equal CF. 
Hence the area of the trapezoid, which is the sum of tiw 
two-triangles, may be found by the following 

RULE. 

Multiply half the sum of the two parallel sides by th 
altitude^ 

This' rule haa a fine 
application in measur- 
ing a tapering board, as 
ABCD. Ih this case 
half the sum of the par- 
allel sides, AD and BC, is found by measuring the width 
GH at the middle of the board. This average width, 
GH. being multiplied by the length EF will give iti 
area. 




EXAMPLES. 



1. If the parallel sides of a trapezoidal garden are w 
spectively 4 and 6 rods ; and the perpendicular distance 
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between thefle sides is 8 rods, how many square rods in 
the garden? ^^ c 40 sq. rods, or just 

( -}■ of an acre. 
2. How many square feet in a tapering board 16 feet 
long, measuring 15 inches wide at one end, and 10 inches 
at the other? Ans. 16f sq. feet. 

Protlem V. — The diameter of a circle being given to fiud 
its circumference. 

If the diameter of a circle is taken as a unit, the ci^ 
cumference will be 3*14159265, nearly. The exact value 
of the ratio of the circumference to the diameter has never 
been found. Its approximate value has been extended to 
more than 200 places of decimals. (Geometry, B. V, 
Prop. XIV, Scholium.) 

Hence, when the diameter of a circle is known, its ci^ 
cumference may be found by the following 

RULE. 

Multiply the diameter by 3*1416. 

Note.— In the Higher Arithmetie, under Continued Fractions, 
we foond some of the approximate values of this ratio to be 3, V* 
Uf , ff f , &c. This last value of ^f is true to six places of deci- 
nuds. It may be easily retained in the memory by observing that 
if the first three odd numbers, 1, 3, 5, be duplicated, they wiU stand 
113355. Now the first three figures give the denominator, and the 
other three give the numerator of the ratio. 

Example. — ^What is the circumference of the earth, on 
the supposition that it is 8000 miles in diameter? 

Ans. 31416 x8000=:25132*8 miles, nearly. 
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Peoblex VL — To find the area of a etreUf when Ue ik 
ameter is known. 



RULE. 

Multiply the circumference hy one fourth of the 
Or^ what is equivalent^ multiply the square of the diameter If 
07854=i o/314ia (Geometry, B. V^ Prop.' XI.) 



Note. — If a circle be inscribed in a square, 
its area will be to the area of the square, 
as 0-7854 is to 1. 




1. How many acres in a circle one mile in diamettf! 
In a square mile there are 640 acres, therefore in a co* 

cle one mile in diameter there are 

640 acres x07854=502-656 acres. 

2. Which is the greater area, a circle 5 feet in diametei^ 
or the smn of the areas of two other circles, the one beisf 
4 feot iu diameter and the other 3 feet ? 

r The first circle is eqaa} 
Ans.< in area to the sum of thi 
Lother two. 
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From the abovd rule we 
may deduce a simple meth- 
od of findixig the. area com- 
prised . between the circum- 
ferences of two concentric 
circles, which area is the 
difference between two cir- 
cles. 

The area of the circle 
whose diameter is A B, is found by multiplying its square 
by 0-7854. And the circle whose diameter is D E, is 
found by multiplying the square of this diameter by 0-7854. 
Hence, the difference of these areas is equal to the differ- 
ence of the squares of the diameters paultiplied by 0*7854. 

Problem VII. — To find the solidity of a prism, or of a 
cylinder, 

RULE. 

Multiply the area of the base by the altitude. (Geometry, 
a VII., Prop. XI.) 

BXAMPLBS. 

1. How many cubfc feet in a rectangular stick of tim- 
)er 10 inches by 12 inches, and 36 feet long? 

10 inches =f of a foot, which is the fra^ctional part of 
I square foot fbr the area of the end. 
f X 36 = 30 irnumber of ciibic feet. 

2. In a cylindrical log 14 feet long, and 14 inches in 
liameter, how many cubic feet? 
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14 mches= If feet=f of a foot. ' 
fXfx 0*7854 =1-06^ square feet for area of end. 
1069 X 14=14-966 cubic feet 
3. How many cubic inches in a round bar of inm, SO 
bet long and f of an inch in diameter? 

Ans, 106029 caUc inchoL 

Problem YIII. — To find the volume of a pyramid^ orif% 
cone. 

RULE. 

Multiply the area of the hose by one-third the altitude 
(Gcometiy, R VII., Prop. XVIL; and R VIII. Prop. V.) 



1. The Egjrptian pjrramid, Cheops, covers a square of 
763f feet on a side, and is 480 feet perpendicular h%liL 
How many cubic feet does it contain ? 

Ans, 93244729^- cubic feet 

2. Suppose the ma^t of a ship to b^ a re^pilar cone 87 
feet long, and 2 feet in diameter at its base, how manv 
cubic feet will it contain? , ^n^. 911064 cubic fieet. I 

4 
% 

Problem IX. — Ty find the surface of a sphere^ when tti 
diameter is given. 

RIJLE. 

Multiply the square of the diameter hy2'Hl6. (Ocooietl| 
a V IIL, Prop. Xni. SchoL) 
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EXAMPLES. • 

1. How many square miles on the surface of Uie earth| 
on the supposition that it is an exact sphere of 8000 miloi 
in diameter ? 

Ans, 8000 X 8000 x 31416=201062400 square miles. 
In order to obtain a value true to a unit, we must use, 
for our multiplier, 314159^65, instead of 3-1416. 
Using this more accurate value, we find the 

Ans. 201061930 square miles, nearly. 

2. How m^nj superficial inche^has a ball 6 inches in 
diameter? Ans, 1 130976 square inches. 

PEOBuai X. — To find the volume of a sphere^ when its 
diameter is given. 

RULE. 

Multiply the cube of the diameter hf 0*5236, vshieh is-^ oj 
31416. (Geometry, R VIII., Prop. XIIL Schol.) 

1. How many cubic inches in a ball 6 inches in diameter! 

Ans. 6 X 6 >< 6 X 0-5236= 1 13-0976 cubic inches. 

Note. — Comparing this Example with Example 2, ander last 
Problem, we see that the number of superficial inches and cubic 
biches are equal in a sphere of 6 inches in diameter. % ' 

2. How many cubic inches in a ball of the celebrated 
Stockton gtm, the diameter of which is 12 inches % 

Ansi. 904-7808 cubic inches. 
The following table of multipliers will be found very 
convenient for solving n^a'rly all problems which can arise 
in mensuration of circles and spheres. 
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• TABLE OF MUI.TIPLIER& 

L Radiol ofa eire1eX<Hn318S31=:Cireainfemiee. 
% Square of the tadioi of a eirdtxa-MlSOaSScsAiw. 
3 DiaiMier of a eircl«X3'14159S65=Circuniference. 

4. Square ef the diameter of a circle xO'7K<39ei6=:Aiea. 

5. Cireamferenee ofa eireleX0*]5B15494=Radiiu. 

6 Ciiciimlereoce of a eirdeXO-aidaogefrtrDiameler. 

7 Square root of area of a circle x0'56418458=Radiiis. 
a Square root of area of a eire)eXl'lS837Q17=£DiaiDeter. 

9. Radius of eircleXl'73905061s=Side oC ioicribed equibteral triaa^ 
10. Side of inacribed equilateral trian;leX0-57735037=Radiaa <^eiNilk 
n. Radio* ofa circleXl'41431359=:SideufiiMcribed square. 
13. Side of inscribed sqoareXO-TOTlOeTSrsRadins. 

13. Square of radius ofa sphereXlS-SGedTOeirzSurface 

14. Cube of radius ofa sphereX4*18879090= Volume. 

15. Square of diameter ofa sphereX3*14i59265=Sorface. 

16. Cube of diameter ofa 8pbeieX0-5335ge78= Volume. 

17. Square of circomfetence ofa BphereXO'31830989=Sar&ce. 

18. Cube of circumference of a 8pheiex0*0]688686e=:VoIume. 

19. Square root of surface ofa si4)ereX0^aa09479=Radius. 
90. Square root of surface ofa sphere X0*56418958=Diam«ter. 

31. Square root of surface ofa sphereXl*77345385^£lireamfi»eBee. 
S3. Cube root of volume of a sphereX0H{9035049£=Radius. 

33. Cube root of volume ofa spIiereXl'3407009a=Diameter. g 

34. Cube root of volume of a s|rfierex3*807777073:CircumfezeBce. 
25. Radios ofa sphereX ri5470054=Side of inscribed cube. 

38. Side of inscribed cobeX0-86G03S40r=Radios. 

Problem XI. — To find the volume of a frustum cfajf^ 
midy or of a cone, 

RULE. 

Fina a mean proportional between the area of tketwt 
kases^ to which add the 9um of the bases^ and muU^if tk 
rpfult by one-third the altitude of the frustum. 

EXAMPLES. 

1. Suppose a cistern in the fenn of a frustum of » 
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cone, to be 9 feet deep, having for diameten8feetandio 

feet. How mcuiy cubic feet will it contain? 

10* X 7854= 100 X 0-7854=area of one base 

««X 0-7854= 36x0-7854= « other" 

60 X 0-7854= \ ^^^ proportion betweai 
"" ( bases. 

196^ 0-7854= Sum. 
And 196x0-7854xi of 9=461-8152 cubic feet, for it« 
volume. 

2. Siippose a measure to be in the form of a frustum of 
a regular cone. If its top diameter is 6 inches, and the 
bottom diameter 9 inches, and it is 12 inches deep, how 
many cubic inches will it contain ? and how many beer 
gallons of 282 cubic inches each ? 

, 537-2136 cubic inches. 



1-909 beer gallons. 
, Problem XIL — To find the 'area of an ellipse, 

NoTi.— A line drawn 'through 
the centre of aa ellipse is called 
its diameter. The longest diam- 
eter 13 called the transverse diam- 
eter; the shortest is called the 
flM^^o^ diameter. T&nsAB is 
(be transversa dian^ter, and CD 
d the omjagate diameter. 

The area of an ellipee may be foimd by this 

RULE. 

MuUifly the product of th& transve/s& and co nJMg t ti 
diameters by 0*7854. 

29 

Digitized by VjOOQIC 




338 BLEMEMTAR7 ARITHMBTIC. 

EXAMFIjES. 

1. How many square feet in the surface of an elliptieil 
pond, whose transversa diameter is 100 feet, and conjo* 
fate diameter 60 feet ? 

Ans, 100 X 60 X 0-7854=4712-4 square feet 

2. How many square inches is an elliptical table whose 
transverse diameter is 5 feet 3 inches, and conjugate diam- 
eter 3 feet 6 inches ? And how many square feet ? 

{ <20781684 square inches. 
( 14-4317 square feet 

Note 1. — If an ellipse be in- 
scribed in a rectangle, its area will 
be to the area of tlie rectangle as 
0-'7854istol. 

Note 2.— tVe also infer that, if a 
eircie be inscribed in an ellipse, 
and another circle be circumscribed 
about the same ellipse, the ellipse 
w a mean proportiopal between the 
areas of the two circles ; that is, we' 
shall have, area of inscribed circle 
is to the area of ellipse, as area of 
ellipse is to the area of circum- 
seribed :ircle. 




PROMISCUOUS QUESTIONS. 

144, 1. Suppose I purchase #1200 worth of goodi,i 
of which is on a credit of 3 months, ^ on a credit of 6 
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months, and the lemaioing -( on a credit of 9^ o^ontha 
How much ready money ought to pay the purchase^ in* 
Uarest being 7 per cent. ? Ans. $ 1 159-64, n^SWjJf. 

2. In the above example, by the principles of equation 
of payments, how much credit ought I to have on th^ 
whole Slim of $1200 ? Ans. 6 months. - 

S Now, what is the present worth of $1200 due at the 
end of 6 months, interest being 7 per cent. 1 

Ans. $1 159-42, neady. 

4. I employed A and B to ditch ipy meadow. A was 
to receive 87-i- cents per rod, iand B was to have il2-| 
cents per rod ; each wrought imtil his wages amounted 
to ^50. What was the amount of ditch dug by both 1 

Ans. lOlfJ. 

5. Three merchants, A, B, and C, enter into partner- 
ship. A advances $1200, B $800, and C $600. A Icavips 
his money 8 months, B 10 months, and-C 14 months in 
the business. 'Phey gain $500. What is the share of 
each? 

r A receives $184t^. 

Ans J B « 153H. 

;| LC " 161A. 

6. -^[lijcl B have the same income ; A saves i of his ; 
b'jt B, by spending $120 per annum more than A, at the 
enl4)f 10 years finds himself $200 in debt. •What was 
the income ? ■ ^ Ans. $500. 

7. Suppose a book to contain 365 pages, averaging 40 
lines of 10 words each on each page. How many words 
would the book contain ? Ans. 146000 words. 

8. There are 31173 verses in the BiWe; how many 
days will it require to read it through, if 30 verses ars 
read daily? Ans. 1039-iV days. 
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9. After expending •}• of my money, and \ of there 
mainder, I had remaining $72 ; how much had I at first 1 

10. If I sell cloth at $1*50 per yaid^ and gain 25 pei 
cent, how ought I to have sold it so as to lose 20 per 
cent.? Ans. $0*96. 

11. Sold cloth at $lt5p per yard, and gained 25 per 
^cent. What should I have lost per cent., if I had sold it 

at $0-96 per yard I Ans. 20 per cent. 

12. If I buy cloth at $1*20 per yard, how must I sell it 
80 as to gain 25 per cent. ? Ans. $1*50. 

13. A merchant has to make the following payments at 
three .different periods : |2832 in 3 months, $2560 in 9 
months, and $1450 in 16 months. The creditor wishes to 
receive the wkole sum of $6842 at once. When ought 

^tft^^ayment to be made ? - Ans. In 8 monjths. 

H. A fathierM^ives to his five sons $1000, which they 
are to divide accurding to their ages, so^ that each elder 
son shall receive $20 more than his next younger brother. 
What is the share of the youngest ? Ans. $160. 

x5. A '^ompelny of 90 persons consists of men, women, 
and children The men are 4 in number more \ 
women, the children 10 more than the adults. 
men, women, and children, are there in tha odn 
• '22 



i 




Anj. «^18 wc^jfen, 
. 50 children. 

16. The common school fuhd for the state of New-Yoirk 
was $1975093-15 in 1843, and during the same year 
there were in the state, 677995 children between the ages 
of 5 and 16 years. How much would the above fund 
amoimt to per scholar^ jln*. $2-9 1, nearly. 
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17. The whole number of yolumes in the common 
ichool libraries of New York, in 1843, was 871865 
^Vhat would be their value at 37it cents per volume ? 

Ans. $328074-37i. 

18. The whole number of children taught in N. Y. 
during the year 1843, was 657782, and the whole number 
of schools was 10860. How many scholars on an average 
would each school consist of? Ans^ Btetween 60 and 61. 

19. Suppose the Erie canal to be 60 feet wide, and 6 
feet deep ; how many milc»s in length will it require to* 
make one cubic mile of water? Ans. 77440 miles. 

20. A person owning f of a copper mine, sells f of his 
interest in it for $1800. ^ What, at this rate, is the value 
of the whole 1 Ans. $4000. 

21. Suppose I buy a certain lot of oranges at 3 cents 
apiece, and js many n^ore at 5 cents apiece, and sell them 
at 4 cents apidce j do I gain Qr lose by*tl|e operation 7 

-A n^. I neither gain* nor lose. 

22. Suppose I buy aliertain number, of Oranges at 3 
for one cent,. and as many n^e.siV 5'for oiae cent, and sell 
them at 4 for one ccint ; do F gai^ or lose by the operation ? 

J lose ^ of a cent on each orange. 
Ans. -? If the whole number of oranges 



i 



was 60, 1 should lose one cent. 



S3. Suppose I e3q)end' a ^ certain sum of money for 

granges at ■} of a cent, apiece and another equal sum 

for another lot of oranges at i of a cent apiece, and sell 

them at-} of a cf. apiece, do I gain or lose by the operation 1 

Ans. I neither gain nor lose. 

24; Suppose I expend a certain sum of money for oran- 

^ at 3 cents apiece, and anotlier equal simi for anothet 

29* 
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lot at 5 cents apiece ; how itiuch do I gain on each C6nt 
expended, if I sell them at 4 cents apiece ? 

{I gain tV of a cent on each cent 
employed in the purchase. If 
the whole sum employed was 15 
cents, I should gain 1 cent 
25. If A can do a piece of work in 8 days, B in 4 days, 
and C in 5 days, how many times longer will it take B to 
4o it alone, than it will take A and C together to do it? 

Am, 2t\ times. 
" 26. If A can accompHsh a piece of work in -J of a day, 
B in -J of a day, and C in ^ of a day, how many times 
longer will it take B to do it alone, than it will take A and 
C together to do it ? Arts. 2 times. 

27. What is the shortest piece of cloth which shall be 
at the same time^ an even number of yards, an even num- 
ber of Ells flemish, an even number of Ells English, and 
an even number of Ells .French ? 

Ans, 60 quarters =15 yank 

28. A man died, leaving $1000, to be divided between 
his two sonsjione 14, and the other 18 years of age, in 
such a proportion, that the share of each being piit to in- 
terest at 6 per cent., should amount to the same sum when 
tkey shouldierrive at the age of 21. What did each one 
iBceive? 

Since the shares of each woi^d amount to equal Sums 
when they shoulS come of age, it is obvious that thej 
must have been to each other reciprocally as the amount 
of 9\ for the respective times 7 years and 3 years. The 
amount of f 1 for 7 years at 6 per cent., is $1-42. The 
amount of $1 for 3 years at 6 per cent., is $118. Hence, 
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their portions were as 1 18 is to 142, or as 59 to 71. Th« 
* sum of these numbers is 130. Therefore, 
The younger must have -j*^ of $1000 =$453-846, nearly. 
The elder must have -ftV of $1000=8546154, nearly. 

29. Divide $100 between A, B, and C, so that B may 
haVe $3 more than A, and C $4 more than B. How much 
must each one have? fX has $30. 

AnsJ B « $33. 
Ic ''. $37. 

30. A can do a piece of work in 4 days, and B can do 
the same in 3 days. How long would it take both to- 
gether to do it ? Ans. If days. 

31. A person wishes to dispose of his horse by lottery. 
If he sells the tickets at $2 each, he will lose $30 on his 
horse ; but if he sells them at $3 each, he will receive $30 
more than his horse cost him. What is the value of the 
horse, and the number of tickets ? 

. ( Value of horse, $150. 
^' I No. of tickets, 60. 

32. Thomas sold 150 pine-apples at 33^ cents apiece, 
and received the same amoimt of money that Henry did 
for water-melons at 25 cents apiece. How much money 
did each receive, and how many melons did Henry sell ? 

Ans. Each*received $50, and Henry sold 200 melons. 

33. A man bought apples at 5 cents a dozen, half of 
;vf hich he exchanged for pears, at the rate of 8 apples foi 
5 p^ars ; he then sold all his apples and pears at a cent 
apiece, and thus gained 19 cents. How many apples did 
he buy, and how much did they cost 1 

Ans. 48 apples for 20 cents. 

34. A person expended $23-40 for eggs. With on6 
Half of his money he purchased a lot at 13 cents per doz- 
en ; with the other half of his money he purchased ariother 
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lot at 9 cents per dozen; He afterward sold thein all to 
gether at 1 1 cents per dozen. Did he gain or lose bj the * 
operation t Ans. He gained 80 cents. 

35. Divide $1200 between A and B so that A's shaie 
noLj be to B's as 2 to 7. . { A has 82661. 

\ Bhas»933i 

36. A gentleman spends f of his yearly income foi 
Doard and lodging, -f of the remainder for clothes, and f 
of the residue he bestows for charitaVie purposes, and 
saves $100 yearly. What is his income ? 

Arts, $2700. 

37. If I buy an article for $4, and sell it for $5, hew 
much pftr cent do I gain % Ans, 25 per cent 

38. K I give $5 for cm article, and sell it for $4, how 
much per cent, do I lose 1 Ans. 20 per cent 

39. What is the interest of $175 fpr 3 months, at 6 per 
cent.? Ans. $2-625. 

40. How many yards of Brussels carpeting, which is | 
of a yard wide, will it require to cover a floor 18 feet by 
20 feet 1 Ans. 5^ yards. 

41. Admitting the velocity of a cannon ball to be 1600 
feet per second, what time, at this velocity, would it reqmie 
to move 95 milUons of miles, which is the distance &om 
the earth to the sun, counting 365^- days ttf the year. 

Ans. 9-HHi years. 

42. The Winchester bushel measure is of a cylindric 
form, 8 inch^ deep, and 18^ inches in diameter, contaimng 
2l50f cubic inches. What must be the side of a cubical 
box which shall contain the same quantity ? 

The* cube root of 2150|=12-907, nearly, for the length 
of a side, in inches. 

43. The clocks of Italy go on to 24 hours ; then how 
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manj strokes do they strike in one revdkiti»n of tha 
ind^x? . Ans. 300. 

44. There is an island 20 miles in circumference, and 
three men, A, B, and C, start from the same point, and 
travel the same way about it ; A goes 3 miles per hour, 
B goes 7 miles pjer hour, and C goes 1 1 miles per hour. In 
what time will they all be together ? 

Since B gains on A 4 miles each hour, he will overtake 
him when he has gained the entire circumference ; that is, 
A and B will be together at the end of every 5 hours. 
Again, since C gains on B 4 miles each hour, he will 
overtake him when he has gained the whole circumference ; 
that ifi, B and C will be togethw at the end of evety 5 
hqurs. Consequently, they will all be together at the end 
of every 5 hours. 

45. What is the discount of $175 for 3 months, at 6 
percent.? Ans. $2586. 

46. If a ship and its cargo is worth $30000, and the 
cargo is worth 5 times as much as the ship, what is the 
valueof the cargo? Ans. ^^bOOO, • 

47. What is the difference between six and one half 
times 7, and seven and one- half times 6 ? Ans, -}-. 

48. Three persons. A, B, and C, form a partnership ; A 
fumishes $1000, B $600, and C $450; at the end of 6 
months, C withdraws his capital, but no dividend is made 
until the end of the year, when it is found that the f rm 
has gained $244 16. How is this gain to be divided ^ 
tween the partners ? 

r A has ff of $244- 16= $133-79- 
AnsA B has -ff of $24416=$ 8027 J 
Ic has -T^ of $244.16=$ 3010 -1 
Proof $ 244-16 . 
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49. Tbree persons, A, 6, and C, engage to build a (m i 
tain piece of wall for 9244-16. While A can bui%lC 
rods, B can build but 6, and C but 4^^. When the wdl is I 
half completed, C ceases* to labor upon it, and A and B 
finish it. What part of the $244- 1 6 ought each to receive ? 

fA ought to liave $135-85. 

AnsJ B « " " $ 81-51. 

tc « « ** $ 26-80; 

50. A and B together can biJld a wall in 4 days, A and 

• C can together build it in 5 days, B Vnd C can together | 
build it in 6 days. What time would it j?equire*for all 
together to accomplish it ? • 

A and B can' in one day build ^ of it=:-J|- of it 

AandG « <« « « a j. of it=ilpf it ^ 

BandC " « " « " i of it=-|lof it • 

The sura of these fra6tions,-H4-i?+i*=fJ>*^ ^' 

dently twice the fractional part accomplished by all in one 

day. Hence, they all would in one day accomplish i of 

ii=^] consequently, in ^^zzz^-ff days, they would 

• dnish It. 

50. A Qote of $10000 given Jan. 1st, 1840, has received 
the following indorsements: January 1st, 1841, indorsed 
•29^-28, January 1st, 1842, indorsed 82952-28, January 
1st, 1843, indorsed $2952-28. How much remained lue 
January 1st, 1844, interest being computed at 7 per centi 
Ans. There was diw $2952-28. 

61. Two hunters, A and B, kill a deer,, whose weight 
they are desirous of knowing. For this purpose, they rest 
a stick across the limb of a tree; then suspending the deer 
at the shorter extremity, they find that its weight is just 
coimterpoised by the weight of A, who suspends himself 
oy his hands at the other extremity. Without changing 
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the point of support of the stick, they take th^ deer from 
th#shorter extremlify and suspend it at the longer ex- 
tremity of the stick, when it was found to be exactly bal- 
anced oy B^s weight, when suspended at the shorter 
extremity of the stick. Now, supposing A to weigh 147 
' poimds, and B to weigh 192 pounds, what must have been 
the weight of the deer? 

By the principle bf the lever, wc know that when dif- * 
ferent weights at its extremities balance each other, they 
are to each other inversely as the lengths of the arms to 
which they are attached. Hence, in the first experiment, 
we know that the w^ht of A is to the deer's weight, as 
the shorter arm is to the longer arm. In the second experi- 
pn^nt, the deer's weight is to B*s weight, as the shorter 
arm is to the longer arm. Consequently, A's weight is to 
the'deer's weight, as the doer's weight is to B's weight ; 
that is, the deer's weight is a moan proportional between 
A's weight and B's weight. Therefore, if we multiply 
the number of pounds which A weighed, by the number 
of pounds which B weighed, and extract the s^pi^ye 
root of the product, it will give the weight of tfce deer in' 
poondfl. • 

147x192=28224. 

^^ V28224= 168 the wttgnt of the deer ir gijwids. 
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